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)AL GLYCOSIDES FOR TREATING 
S HYPERCHOLfSTEROLEMIA 



Background of the Inventjon 

This invention relates to steroidal glycosides and methods of using the same, 
particularly as hypocholesterolemic agents and antiatherosclerosis agents, in 
mammals. 

Many ioiown products possessing hypocholesterolemic activity are cross- 
linked synthetic polymer derivatives, for example of polystyrene. For example, 
cross-linked, waternnsoluble, bile-add-binding polystyrene-based resins, e.g., 
Cholestyramine* agents, have a gritty 'mouth-feel*, and thus have poor palatability. 
In additk>n, these resin beads typically have a low In vivo efficiency. Thus, the 
effective hypocholesterolemic dose of these materials is excessive, typically 18-24 
grams of formulated product per day. Other known polymers having 
hypocholesterolemic activity include the natural product chitosan and chHosan 
derivatives as described in European Application pub. no. 0212145. However, the 
2Q effective hypocholesterolemic dose of these materials is also high. 

Other known hypercholesterolemia controlling agents include plant extracts 
such as "alfBlta saponins*. However, these plant extracts are of variable composition 
and contain significant amounts of nonuseful chemical substances. Due to the 
variations In composition, R is dHfleult to set a standard dosage or predict the 
25 Impurities present Thus, such extracts are not well suited for use by humans. 
Furthermore purification cf these wtrads would be expensive. As an attemaUve 
certain synthetically produced, pure 'sapogenin^ertved* compounds e.g., 
substances compounded from splrostane, splrostene or sterol-derived compounds 
depress cholesterol absorption more effectively than aKaHa extracts on a weight 
basis and thus can be administered in reasonable sized doses. Because the 
chenr4cal oompositions of these substances are known and because they can be 
synthesized at a high degree of purity, they are suitable for use by any warni- 
blooded animal, Including humans. 



30 



35 
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However, unless administered in massive amounts, pure sapogenins d not 
significantly inhibit cholesterol's absorption. It is only when compounded witli 
5 another moiety that sapogenins have the desired effect. Examples of such 
sapogenin compounds are compounds of tigogenin and diosgenin, particularly 
glycosides thereof. P.K Kintia. lu. IC Vasilenko. Q.M. Gorianu. VA Bobeiko. I.V. 
Suetina, N.E. Mashcheni(o. Kim. Pharm. Zh., 1981, 16(9), 55 discloses 3-0-(8-D. 
galactopyranosyl)hecogenin and its use as a hypochoiesterolemic agent. U.S. PaL 
10 Nos. 4,602,003 and 4,602.005 disclose certain steroidal glycosides, in particular 30- 
(B-D^lucopyranosyOtigogenin and 3-0-(S-0<ellobiosyl)tigogenin and their use for 
the control of hypercholesterolemia. 3-0-(B-D-cenobiosyl)tigogenin has superior 
hypochoiesterolemic activity when compared to, for example, cholestyramine. 
In addition, certain other steroidal glycosides described below have been 

16 published, however these pubiicaiions do not address hypocliolesterolemic activity. 
"Structural Features of the Antioxidant and fungicidal Activity of Steroid Glycosides', 
Dimogte, A. S.; Choban I. N.; Bersuker, I. B.; Wntya. P. K.; Baiashova, N. N.; Bioorg. 
KWm. 11(3), 408-413, 1985 discloses rockogenin B-D-gaiactopyranoside and 
tigogenin S-D-iactoslde. 'Preparation and Properties of Some New Steroid B-D- 

20 Giucopyranosides, B-D-Glucopyranosiduronic Adds, and Derivatives', Schneider, 
J.J.; Cart). Research. 17, 199-207. 1971 discloses tigogenin B-D- 
glucopyranuronoside. "Sterol Glycoside with Activity as Prostaglandin Synthetase 
Inhibitor", Pegel, K H. Walker. H.; United States Patent 4,260.603, April 7. 1981 
discloses hecogenin B-O-glueopyranoside. "Hemoiytio Properties of Synthetic 

26 Glycosides". Segal. R.; Shud. F.; Milo-Qoldzweig. I.; J. Phamt. Sd.. 67 (1 1) 1589- 
1592, 1978 disdoses tigogenin 8-O-mattoside, tigogenin B-L-fucopyranoside, 
smflagenin B-mattosMe and tigogenin ff4.-riiamnoside. 'Steroid Glycosides from the 
Roots of Capsicum Annuum II: The Structure of the Capsicosides', Qutsu, E.V.: 
Khtya. P.K.; Lazurevskll, G.V.: Khlm. Prir. Soedln.. (2). 242-246, 1987 disdoses 

30 tigogenin «r-I>arabanopyranoside and tigogenin B-O-gaiadopyranoside. 

'Molhjsdddal Saponins from Comus Rorida L". Hostettmann, K.; Hostettmann- 
Kaldas. M.; Nakanishl. K.; Helv. Chim. Acta. 61, 1990-1995. 1978 disdoses 
smilagenin B-D-galadopyranoside. 'Steroidal Saponins from Several Spedes of 
LDiifloFBe Plants', Yang, C; U, K.; Ding, Y.; Yunnan Zhiwu Yanjiu Zengkan. Suppl. 3, 

35 13-23. 1990 disd ses (25S) • hecogenin celiobioside. 'Determination of the 
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Absolute Configuration f a Secondary Hydr xy Group in a Chiral Secondary 
Alcohol Using GlycosidatI n shifts in Carbon-13 NMR Spectroscopy". Sao, S.; 
5 Tomita, Y.; Tori, K.; Yoshimura, Y.; J. Am. Chem. Soc, 100(11), 3331-3339. 1978 
discloses smilagenin B-glucoside and smilagenin o-glucoside. 'Steroid Glycosides 
from Asparagus Officinalis', Lazurevskii, G. V.; Goryanu. Q. M.; Wntya. P. K.; Dokl. 
Akad. Nauk. SSSR, 231(6), 1479-81, 1976 discloses sarsasapogenin B-glucoside. 



10 significant contribution to the art there is a continuing search in this field of art for 
improved hypocholesterolemic pharmaceuticals. 

Summary of the Invention 
This invention is directed to steroidal glycosides, particulariy spirostanyl 
15 glycosides, that are useful as hypocholesterolemic agents and antlatherosclerosis 
agents. The compounds of this invention have the formula 



Although the hypocholesterolemic compounds described above make a 



20 




H 



Fomiula lA 



25 



\Mher^ either (A): 

H OH OH H 

Q' is cart>onyl, 'C- or 'C- ; 



30 



H OH OH H 

Cr is carbonyi, methylene, -C- or -C- ; 
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or -c- ; 

and are both methylene; 
and wherein 

B-D-glucopyranosyl, 

B-D-gluGopyranuronosyi, 

B-D-2-acetamido-2-deoxy-glucopyranosyl, 

B-D-galactopyranosyl, 

B-O-fucopyranosyi, 

B-L-fueopyranosyl, 

B-D-xylopyranosyl, 

B-L-xylopyranoeyi« 

e-O-arabanopyranoeyl. 
ff4.-arabanopyrano8yl, 
o-O-ceOobiotyl, 
B-D-ceilobiosyl, 

B*D-lact08yt, 

B-D<mattosyl, 

B-D-gentiobiosyl, 

3-0-6-D-ga!&GiopyrBnosyi^D»&rabanopyr&no3yi or 
B-D-maitotriosyl; 



Q'is 





V- 



or(B): 



Q\ and OP are all methylene; 

H OH OH H 
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J"*^ W R*0-alkyl«n«<C»-Ca>-0 H 



S 

or 



R*0-alkylene<C2-C3>-0 



and wherein 
R'is 

B*D-giucopyranosyl, 

B-D-glucopyranuronosyl, 

6-D-2-ac0taniido-2-deoxy-glucopyranosyl, 

B*D-fLicopyranosyl, 

B-L-fucopyranosyl, 

B-Oxylopyranosyl, 

B-L-xylopyranosylt 

a-D-arabanopyranosyl, 
o-L-arabanopyranosyl, 
B-0-C8llobiosyl, 

B-D4actosyl, 

S-O-maltosyl, 

B-D-gentiobiosyl, 

30-6*D-galactopyrano8yl-a-0-arabanopyranosyl or 
B^Omattotriosyl; 

or(C): 



20 



25 



30 



Q\ and are all methylene; 
is carbonyl; 



H OR^ R^O H R^o-ai ky l«n«(C2-C3>-0 H 
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or 



5 



R^0-alkylene(C9-C'}}-0 H 



C„ is (R): 
and wherein 
R' is 

10 B-D^lucopyranuronosyi, 

B-D-2-aeetamido-2-deoxy-glucopyranosylp 

B*D-fucopyranosyl, 

B-L-fucopyranosyl, 

B-D-xylopyranosyi, 

B-L-xyiopyranosyl, 

o-D-ftrabanopyranosyl, 
e^L-arabanopyranosyt, 

S-D<:ellobio8yl. 

B-D-iactosyl, 

2^ B-O-maltosyl, 

B*D-gentiobiosyl, 

SO-B-D^alactopyranosyi-o-D-arabanopyranosyi or 
B*D-inaKotrio8yl; 

or(D): 

2g Q\ tft and are each methylene; 

H OR^ R*0 H R^0-aIkyl«n«<C2-C3>-0 H 

and tfis » - <2> I 



30 " 



-C- . 



. and wherein 
R' is 

35 

B-0-2-acetamido-2-deoxy-glucopyranosyl, 



wo 94/00480 



PCT/US93/04092 



10 



15 



20 



25 



B-D-<ucopyranosyl, 
B-O-xyiopyranosyl, 
B-L*xyiopyranosy(. 

o^L-arabanopyranosyl. 

5- O-celloblosyl, 

6- 0-gentioblosyt, 

3-0-6-D^alaetopyranosyl<a-D-arabanopyranosyi, or 
B^aKotriosyl; 



or (E): 

Q', Q', and Q" ara each methylene; 



Q* is earfoonyl or ; 

H OR* R^o H 
Q»l« -c- or -c- ; 

Cb it alpha; 
Cm is 9)); and wherein 
R*is 

B-C>galaetDpyranosyl. 
B-I>cellobiosyl. 
B-04acl08yl. 
B-D-maitosyl or 
B-I>fradtotriosyl; 



Q*. 0*, and Q* are each methylene; 




or(F): 
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H OR* rIq h 
%/ 

Q*is -C- or -c- ; 

5 

C, is alpha; 

Cjs is (R); and wherein 

R' is 

B-D-galactopyranosyl, 
10 B-D-ceDobiosyl, 
B-D^aetosyi, 
6-D^altosyi or 
B<{>*inaltotriosyl; 

with the proviso that (3B,Sa.25R)-3-[(B-I>celiobiosyl)oxy]spirostane 
IS is not fnejuded. 

A first group of preferred compounds of Formula lA consists of these 

H OH HQ H 
%/ 

compounds wherein is earbonyl. 'C- or -C- . CP is methylene. Q* is 



20 H OR* 

V 

, Q* is meth^e. Q" is methylene, the C, hydrogen is alpha and C„ has 

the R configuration. Especially preferred within this group are compounds wherein 
is earbonyl and R^ is B-O^llobiosyl. tf-I>celtobiosyl, B-[>glueopyranosyl. 
26 galaetopyranosyl, B-Mactosyl. B4)-maltosyl or &4>maltotriosyl. Also, especially 

H OH 

preferred wHhbi tNs group is a compound wherein is -C- and R^ is B-0- 
edtobiosyL Another especially preferred compound wHhin this group it a 

V 

compound wher^ Q' is -C- and R^ Is B-D-ceHobiosyl. 
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10 



20 



25 



A second group of preferred c mp unds of Formula lA ar compounds 

H OH HO H H OR* 

Wherein Q' is methylene. Q» is "C- „ -C- , Q» is -C- , q« jg methylene, Q» 
is methylene, the Cg hydrogen is alpha and Cj, is (R). Especially preferred within 



H OH 



this second group is a compound wherein Q' is -c- and is 0-0-cellobiosyl 



30 



A third group of preferred compounds of Fonnula lA are compounds wherein 

H OH HO H H OH HO H H OR* 

Q' Is cariMnyl. -c- or -C- , Q* Is carbonyl, -C- or "t- , q» is "C- 



16 ^ methylene. Q" Is methylene, the Cj hydrogen is alpha and C,, is (R), 

Especially prefened within this group is a compound wherein Q* is earfoonyl. is 
carbonyl and R< is B4)^obiosyl. Another especially prefonred compound within 

H OH 

thit group is a compound Wherein Q* is carbonyl, Q* is and is 6-0- 



35 



celiobiosyi. Another especially preferred compound within this group is a 

H OH 

compound wherein Q' is carbonyl. tf is -C- and R' is B-D-iactosyi. Another 
especially preferred compound within this group is a compound wherein is 

H OH 

V 

. is carbonyl and R^ is B-O^eUobiosyi. Another espedaliy preferred 

HO H 
\/ 

compound wfINn this group is a compound wherein is , Q> is carbonyl 

and R^ is B-D-eeilobiosyl. 

A fourth group of preferred compounds of Formula lA are compounds 

H OR* 

Wherein Q' Is methylene, Q» is carbonyl. Q» is -C- . Q* is methylene, is 
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10 



IS 



20 



25 



30 



methylene, the C, hydr gen is alpha and is (R). Esp dally preferred within this 
fourth group are eompounds wherein is B-CMactosyl or B-O-cellobiosyl. 

A fifth group of preferred compounds of Formula lA are compounds wherein 

H OR^ 

and are each methylene, is , and are each methylene and 

is (R). Espedaily prefered within this fifth group is a compound wherein the Cg 
hydrogen is alpha and R^ is B-D-gentiobiosyt. Another espedaily prefened 
compound within this group is a compound wherein the hydrogen is beta and R^ 
is B-D-ceilobiosyl. 

A sixth group of prefen^ed compounds of Formula lA are compounds wherein 



Q', arul are each methylene, CP is , is earbonyl, the C, hydrogen Is 

alpha and Cjs is (R). Espedaily preferred within this group is a compound wtierein 
R^ is B-Oceilobiosyi. 

A seventh group of preferred compounds of Fomiula lA are compounds 



wherein Q\ and are each methylene, is , is earbonyl, the 

hydrogen is alpha and C25 is (R). Espedaily preferred within this group is a 
compound wherein R^ is B-D-celiobiosyl. 

Yet another aspect of this invention is directed to a method for controlling 
hypercholesterolemia or atherosderosis in a mammal by administering to a mammaS 
suffering from hypercholesterolemia or atherosderosis a hypercholesterolemia or 
atherosderosis controlling amount of a Fomiula I spirostanyl glycoside 




H 



Fonnula I 
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wherein 



either (A): 

H OH OH H 

% / % / 

Q' Is methylene, eart>onyl, -C- or -C- ; 



H OH OH H 

is methylene* eart>onyl, "C- or "C- ; 



V"' "V" 

Q»te -C- , -C- , 




or 



25 



R^O-«lkyl«n*(C.-C3>-0 H 

V 

and QP are both methylene; 
wherein 
R'is 

B-O-glucopyranosyl, 

B-D-glucopyranuronosyl« 

S-D-2-«cetamido-2Hleoxy-glucopyranosyl, 

B-O-galactopyranosyt. 

B-O-fueopyranosyl. 

B-L-ftjoopyranosyt, 

B-D*xylopyrBno8yl, 

B*L-xyiopyranosyt, 

oO-arabanopyranosyl, 
ff4.-arabanopyrBnosyl, 
o-O^lobiosyl, 
B-D-eellobiosyl, 

B-D-laclosyl, 

B-D-maltosyl, 

S-D-gentiobiosyl, 
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3-O^D-gaiactopyranosyl-a-D-araban pyranosyl, r 
B-maltotriosyl; 

or(B): 

Q\ Q', and are each methylene; 
H OR* rIq h 

. V V 

Q» it -C- or -C- ; 



10 "y. 

is carbonyl or "C- ; 



Cq is alpha; 
C»te(R); 
*I5 and wherein 
R' is 

B-O-galactopyranosyi, 
B-O-ceOobiosyit 
B*Oiadosyl, 
20 B-D-maltosyl or 

B-D-maltotriosyl; 

or(C): 

Q\ and are each methylene; 
H OR^ RlQ H 
25 Q»I.V or V; 



is earbonyi or 




C^ltdpha: 

Cab(R): 
and wherein; 
R*is 

6-[>f|alaetopyranosyl. 
B-D<ellobiosyl. 
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6-D-lact syi, 
B-D-maltosyl or 
5 B-D-mattotriosyl; 

with the proviso that 

(3B,5a,25R)-3-[(a-D-oellobiosyl)oxy]spirostan6, 
{38,5a,25R)-3-[(0-D-glucopyrano8yl)oxy]spirostane, 
(3Q,Sff,25R)-3-[(B-0-cellobiosyl)oxy]spirostane or 
10 (3Q,5a,25R)-3-[(S-[>galactopyranosyl)oxy]spirostan-12-one are not included. 

A first group of preferred compounds of Fomriula I are compounds 

H OR^ 

wherein Q\ Q^, and are methylene. C25 is (R) and is . Especially 

15 prefen-ed within this group are compounds wherein the C5 hydrogen is alpha and R^ 
is B-D-glucopyranuronosyl, B-D-maltosyl, B-Olactosyl, S-D-gentiobiosyl or B-D- 
galactopyranosyi. Another especially preferred compound within this group is a 
compound wherein the hydrogen is beta and R^ is B-D^eliobiosyl. 

A secorKi group of preferred compounds of Formula I are compounds 

20 H OH OH H H OR^ 



% 



wherein is carbonyl, "C- or -C- , is methylene, Q* Is "C- , Q* and Ca* 

are each methylene, C^b is (R) and the hydrogen is alpha. Espedaiiy preferred 
within tNs second group are compounds wherein is carbonyl and R^ is B-0- 
25 ceHobioeyi, a-D^iobiosyl, B-D-giucopyranosyl, B-D-galactopyranosyl, B-CMaetosyl, 
B-D^naltosyl or B-D-maltotriosyl. Another especially prefen-ed compound withh this 

H OH 

%/ 

second groi^ is a compound wherein is -C- and R^ is B-D^llobiosyT. 
Another especially preferred compound within this second group is a compound 

V 

wherein Q' is ~C* and is 6-D«ellobiosyl. 
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A third group of preferred compounds of Formula I ar compounds wh rein 

H OH HO H H OR^ 

® Is methylene. is oarbonyl, -C- or "C" . Q» Is -c- , Q* and are 

each methylene. C,, Is (R) and the C, hydrogen Is alpha. Especially preferred vwithin 
this third group are compounds wherein is carbonyl and R' is B-D^ellobiosyl or 
B-Maetosyl. Other espedaily preferred compounds within this third group are 
10 H OH 

compounds wherein Is and Is 8-0-cellobiosyl or 8-D^aiactopyranosyi. 
A fourth group of prefen'ed compounds of Formula 1 are compounds wherein 

H OH HO H H OH HO H H OR^ 

15 Q'Iseafbonyl, =-= or -«--, (3* Is carbonyl, -c- or -c-,qs|, -c- , 

Q* and Q" are each methylene, the C, hydrogen Is alpha and is (R). EspedaHy 
preferred within this fourth group is a compound wherein is carbonyl, Is 
carbonyl and R* is B-D-ceOobiosyl. Especially preferred within this fourth group are 



20 



SO 



H OH 

compounds Wherein is carbonyl. Q> Is -C- and R* Is B-D<elioblosyl or B-0- 



lactosyl. Another especially prefened compound within this group Is a compound 

H OH 

2g wherein is -c- , qs |, carbonyl, and R^ is B-D-eeilobiosyl. Another especially 



V 

pratafred compound within this group is a compound «vhereinQ^ is -c-.Q'is 



carbonyl and R* is B-D«eOoblosyl. 

Afllth group of preferred compounds of Fonnula I are compounds wherein 

H OR* 

Q\ Q* and Q" are each methylene, Q* is -c- , Q* is carbonyl, the C, hydrogen Is 



35 



alpha and C„ is (R). Especially preferred within this group is a compound wh rein 
R' Is B-Ocen bl syi. 
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A sixth group f preferred compounds f Formula I are compounds wherein 

6 Q^ and Q* are each methylene, Q* Is -C- ^ q5 |s carbonyl, the hydrogen is 

alpha and C,, is (R). Especially prefenred within this group is a compound wherein 
is S-D-cellobiosyl. 

This invention is also directed to phannaceuticai compositions for the control 
10 of hypercholesterolemia or atherosclerosis in mammals which comprise a 
compound of the Formula lA and a phamriaceutically acceptable carrier. 

Yet another aspect of this invention is directed to a composition comprising a 
hydrate of a compound of the Formula 1 A. 

The compounds of Formulas lA and I are herein defined as the single 
15 enantiomer having the absolute stereochemistry depicted in Fomnulas lA and I 
respectively. 

Other features and advantages will be apparent from the specification and 
claims which describe the invention. 

20 



25 



30 
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Detafled Description of the Invorrtion 
Sehenw I 

5 




beta 

peracetyleted 

su9er-0-X 

20 




/Anomerizaition 



Deaoetytalion 
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The Formula lA compounds ar a subset of th Fomriula I compounds. 
Thus, in the following detailed descripti ns of th inv ntion (e.g., how to make the 
5 invention, how to use the invention) reference to the Formula I group of compounds, 
inherently encompasses the Formula lA compounds. 

The following description of reaction Schemes I, II & III describe how to make 
the Formula I compounds wherein and are both methylene. 

According to reaction Scheme I, the desired Formula I compounds wherein 
10 Q\ and are as defined above may be prepared by deacetylating the 
appropriate alpha peracetyiated Formula III compound or beta peracetytated 
Formula IV compound wherein and are as defined above and X is either a 
bond or alkyierte-O-. 

Typically the deacetylation is accomplished by combining the Fomnula III or 
IS iV compound with a nudeophilic base such as sodium methoxida cr potassium 
cyanide In a soivertt such as methanol, tetrahydrofuran, n-propanoi or mixtures 
thereof at elevated temperatures of about 40® C to about 100^0 (typically at reflux) 
and pressures of 0.5 psi to about 50 psi (typically ambient) for about 0.25 hour to 
about 2 hours. In addition, for Formula I compounds when the sugar is 
20 glucopyranuronosyi, the resultant deacetylated compound is further hydrolyzed by, 
for example, exposure to sodium hydroxide. Also, where appropriate, those 
compounds wherein either or CP are carbonyl may be reduced to yield the 
corresponding alcohols in an attemative process to perfomning the reduction prior to 
coupling (described in Reaction Scheme IV and the accompanying text). In an 
25 analogous manner, where appropriate, those compounds wherein either or 
are hydroxy may be oxidized to yield the corresponding earbony! !n an alternative 
process to performing the oxidation prior to coupling. 

The desbned Fomnula III compound wherein and CP are as defined above 
may be prepared by anomerizing the appropriate Formula IV compound wherein 
30 and CP are as defined above. The stereochemical terms alpha and beta refer to the 
configuration of the attachment carbon of the sugar. 

Typically the anomerizaflon Is perfomied by treatment with a mineral 
add such as hydrobromic add in an anhydrous aprotio solvent such as methylene 
chloride at temperatures of 20^0 to ab ut 40®C (typicaiiy ambient) for at least 24 
35 h urs, typicaiiy t several days. However, f r arabanopyranosyl derivativ s the 
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alpha anomer is btained directly fr m the saccharide-steroid c upling described 
below and the beta anomer from the above process ({.e., the nomenclature 
5 reverses). 

According to Reaction Scheme II the desired Fomiula IV compounds wherein 
and are as defined above may be prepared by coupling the appropriate 
acetylated sugar halide (e.g., bromide) and steroid. More specifically, for those 
Fomiula IV compounds where the sugar is other than B-D-maKosyl, Q-D-gentiobiosyl 

10 or B-D-2-acetamido-2-deoxy-glucopyranosyl, a zinc fluoride promoted coupling of the 
appropriate Fonmula V compound (wherein and are as defined above and X is 
either a bond or alkytene-O-) and peracetylated sugar halide is used and for those 
Fomiula IV compounds where the sugar is B-D-maltosyl, B-D^entiobiosyl or Q-D-2- 
acetamido-2-deoxy-glucopyranosyl, a mercuric bromide and mercuric cyanide 

15 promoted coupling of the appropriate Formula VI compound (e.g., trimethyl silyl 
ether of the Formula V compound wherein and are as defined above and X is 
either a bond or alkylene-0>) and peracetylated sugar halide is used. 

Generally, the zinc fluoride promoted coupling of the Fomiula V compound 
and the peracetylated sugar bromide occurs in a non-protic, anhydrous reaction- 

20 inert solvent (e.g., acetonftrile) at a temperature of about 20® C to about lOO^C for 
about 0.5 to about 12 hours. Typically about 0.5 to about 4 equivalents (based on 
Fomiula V compound) zinc fluoride is used and about 0.5 to about 3 equivalents 
acetylated sugar bromide is used. Preferably the coupling is add catalyzed and It is 
espedaliy prefenrad that hydrohalic add generated during the reaction is used as 

25 the add catalyst The desired compounds may be prepared at pressures of 0.5 to 
60 psi. although typicaOy ambient pressures are used. In a preferred isolation 
technique the glycosides may be predpitated firom the crude filtered reaction mixture 
(e.g.. acetonltriie product solution) by the addition of about 26% to 75% water and 
the remainder alcohol (e.g., methanol). Predpitation of the product ftom aqueous 

30 melhanol/acetonttriie requires less processing than an extractive Isolation, and 
provides a product of greater purity. 

Generally, the mercuric bromide and mercuric cyanide promoted coupling of 
the Formula VI compound and the acetylated sugar bromkie is perfomied In an 
aprotic, anhydrous solvent such as methylene chloride at a temperature of about 

35 20^C\ about lOO^C for about 0.5 to about S hours. Typically about 0.5 to about 4 
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equivalents (based on Formula IV comp und) mercuric bromide and mercuric 
cyanide is used and about 0.5 to about 3 equivalents peracetylated sugar bromide 
5 (e.g., B-Omattosyi, S-D-gentioblosyi or l3-D*2-acetamido-2<leoxy-glucopyranosyO is 
used. The desired compounds may be prepared at pressures of 0.5 to 50 psi, 
although typically ambient pressures are used. Preferably they are isolated as 
described for the zinc fluoride promoted coupling of the Fomnula V compound 
above. 

10 The desired Fomiuta VI compounds wherein and are as defined abov 

and X is either a bond or aikyiene-0- may be prepared by sBylating the appropriat 
Fomiuia V compound wherein and are as defined above and X is either a 
bond or alkylene-O-. 

Generally the Formula V compound, a base such as triethylamine and an 

ig aetiyated triafkylsily! compound (e.g., trimethy!si^y! triaucrcmsthane suKonme or 
trimethyisilyl chloride) are reacted in an aprotic, anhydrous solvent such as 
methylene chloride at a temperature less than about lO^C for about 0.5 hour to 
about 2 hours. 

According to Reaction Scheme III the desired Fonnula V compounds wherein 
20 and are as defined above and X is alkylene-O* may be prepared by reducing 
the appropriate Formula VII compound wherein and are as defined above. 

Q«wally the reduction is performed by reaction of the Formula VII 
compound with lithium aluminum hydride in an anhydrous solvent such as 
tetrahydrofuran at temperatures of less than about lO^C for about 0.5 hour to about 
25 3 hours. 

The desired Formula VII compounds wherein and &'e as defined 
above may be prepared by coupling the appropriate Formula VUl compound where 
arKi CP are as defined above with ethyl diazoacetate in the presence of rtiodlum 
acetate cDmer. Thus, the Formula Vlll compound and ethyl diazoacetate are reacted 
30 in an aprotic solvait such as methylme chloride In the presence of rhodium acetate 
dimer at ambient temperature for about 0.5 hour to about 3 hours. 

The starting materials for the above described reaction schemes (e.g., ethyl 
diazoacetate, peracetylated sugar halides) are readily available or can be easily 
synthesized by those skilled in th art using conv nti nal methods of organic * 
35 synthesis. 
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In additi n, as an aid to th preparation of th abov steroids, the following 
paragraphs describe the preparation of the vari us Formula Vlll c mpounds. 
5 Literature references for the preparation of Formula Vlll steroid compounds (wherein 
is methylene and and the stereochemistry of the hydrogen and Cjg carbon 
are as defined below) are described in Table t. 

TABLE I 

Formula Vlll Compounds Where is Methylene and 
the Cj Hydroxy Group is Beta 



15 



20 



hydrogen 


c„ 




R«fer«ne« | 


- ff 


R 


CHj 


_ 

R. E. Markw et. al., J. Am. 
Chem. Soe.(1943) 65 1199. 


a 


R 


C«0 


Marker et. ai.. J. Am. Chem. Soc. (1947) 69. 2167. 


a 


S 


CH, 


Goodson & Noller J. Am. Chem. Soc. 
(1939)61,2420. 


• 


S 


C=0 


Callow & James J. Chem. See. (1955) 1671. 


B 


R 


CH, 


Marker et. al., J. Am. Chem. Soc. (1943) 65, 1199. 


B 


R 


C=0 


Marker et. ai.. J. Am. Chem. Soc. (1947) 69, 2167. 


B 


S 


CH, 


Marker et. aJ.. J. Am. Chem. Soc. (1943) 65, 1199. 


B 


S 


C=0 


Kenney & WaU J. Org. Chem. (1 957) 22. 468. | 



25 The foHowing paragraphs describe and/or give literature references for the 

preparation of the various steroids used as starting materials 0.e.. the attematlve 
stereochemistry at the posWon and the oxygenation and different epimers at C,| 
and C,,) Irom the above Formula Viil compounds described In Table 1. In general 
the preparation of the different oxygenated steroids is independent of the 

30 stereochemistry at the C,. Cb and positions. Thus, once the appropriate 

stereochemistry at the C,, and C,^ positions are achieved where and are 
each methylene or where Is methylene and is carbonyl, the various 
oxygmoted compounds at and may be prepared thmfrom. 
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Som of the preparation meth ds described h rein will require protection of 
remote functionality (i e., Q\ and Q'). The need for these protecting groups will 
5 vary depending on the nature of the remote functionality and the conditions of the 
preparation methods. This need is readily determined by one skilled in the art. For 
a general description of protecting groups and their use, see T.W. Greene, 
Protective Groups in Organic Synthesis, John Wiley & Sons, New Yori<, 1981. 

The Formula VIII compounds wherein is methylene, is either methylene 
10 or cart>onyl and the C, hydndxy is beta may be converted to the corresponding 
Formula VIII compounds where the C, hydroxy is alpha by the following two 
procedures. These preparative methods may be used independent of the C^s 
stereochemistry. 

If CP is carbonyl, the earbonyl is protected as a ketal (e.g., ettiylene ketal), by 

IS reacting ^e steroid with ethylene glycol and an acid catalyst according to the 
procedure of Engel and Rakhit, Can. J. Chem. £Q, 2153, 1962. When the Cg 
hydrogen Is alpha, the hydroxy group is oxidized to the ketone using pyridinium 
chloro chromate (PCC) in methylene chloride at ambient conditions. Then the C, 
ketone is reduced with a sterically hindered reducing agent such as K-Selectride* 

20 reducing agent, at low temperature in tetrahydrofUran to give the C, alpha alcohol 
according to Qondos and Orr, J. Chem. Soc. Chem. Commun. 21t 1239, 1982. If 
appropriate, the protecting group is removed with acid, such as hydrochloric 
add. In an appropriate solverrt such as acetone. 

For those compounds wherein the C, hydrogen is t>eta the same procedurss 

25 are used as were used when the C, hydrogen is alpha except tiie C3 ketone is 
r^u^ using sodium borohydride in ethanoi to furnish the C, alpha alcohot. 

Reaction Scheme IV Olustrates the reaction pathways to achieve tiie Formula 
VIII oompounde wherein and are defined above starting ftom the Formula VIII 
compound wherdn is methylene and is earbonyl. 

30 In general, preparation methods for these compounds may be found in LF. 

Reser and M. Reser, Steroids, Reinhoid Pub. Corp., New Yori<, 1959 and references 
therein, however, the following descriptive text (which is keyed to Reaction Schem 
IV) provides specific guidance. 
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Briefly according to Reaction Schem IV method 1, the starting material is 
aeetylated and bromininated according to the procedure describ d in J. Ch m> 
S Soc . 1956, 4344. This intermediate is then reduced with lithium aluminum hydride 
and treated with silver oxide by a procedure similar to that described in Helv. Act. 
China,, 1953. 3g, 1241. The resulting B.11,12-epoxlde is opened with trichloroacetic 
acid, saponified and reduced with zinc and acetic acid using the procedure 
described in J. Chem, Soc . 1956, 4330 to give the product shown for method 1. 

10 In method 2, the starting material is selectively aeetylated using the 

procedure described in J. Chem. Soc 1956. 430. Using the procedure described 
in Org. Svn. . 1976, 55, 84, the resulting product is oxidized with chromium trioxide 
and pyridine. Using the procedure described in Svnthesls. 1973, 790, the resulting 
product is saponified with potassium cyanide in water, methanol and THF to give the 

15 product shown for method 2. 

in method 3, the starting material is converted to the con^sponding 
toluenesuifonylhydrazone which is in turn treated with sodium methoxide using a 
procedure similar to that described In J. Am. Chem. Sec. 1954, 76, 4013. The 
resulting 11-ene product is oxidized with osmium tetroxide and N^ethyimorpholine- 

20 N«oxide according to the procedure describe in Tetrahedron Lett^s. 1 976, 1 973 to 
give the product shown for method 3. 

In method 4, the starting material is monobrominated using a procedure 
described in US PaL No. 3,178^18. Hydrolysis of this intennediate using the 
procedure described in J. Chem, Soc, 1956, 4330 gives the product shown for 

25 method 4. 

In mettiode 5 and 6, the starting material is reduced with Othium aluminum 
hydride aocording to the procedure described in J, Am. Chem. Soc, 1 954, Z& 
4013. The two products shown In methods 6 and 6 are separated 
chromatographieaRy. 

30 In method 7, the starting material ia reduced with lithium aluminum hydride 

according to the procedure described in J. Am. Chem, Soc. 1951, 1777 to giv 
the product shown. 

In method 8, the startbig material is reduced with lithium and ammonia 
according to the procedure described In J. Am, Chem. Soc, 1953, 1282 to giv 

35 the product sh wn. 
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In method 9, the starting material is acetyiated according to th procedure 
described in J. Am, Chem. Soc . 1955, 77, 1632 to give a mixture of acetates from 
5 which the 3,1 1-diacetate can be isolated. The unprotected 12-alcohol is then 

oxidized with chromium trioxide and pyridine according to the procedure described 
in Pro. Svn. . 1976. Sg, 84. Saponification of the acetates gives the product shown 
for method 9. 

In method 10, the starting material is diacetylated using the procedure 
10 described in J. Chem. Soc» 1956. 4330. The diaeetate is reduced with caldum and 
ammonia using the procedure described in J. Chem, Soc» 1956, 4334 to give the 
product shown for method 10. 

In method 11, the starting material is reduced with litnium and ammonia 
according to the procedure described In J. Am. Chem. Soc 1953. 2Si 1282 to give 
IS the product shown. 

In method 12, the starting material is reduced with lithium aluminum hydride 
according to the procedure described in J. Am. Chem, Soc, 1951 , 1777 to give 
the product shown. 

In method 13, the starting material is selectively protected at the 3-alcohol 
20 with t-butyldimeOiylchlorosilane and imidazole using the procedure described in ^j. 
Am. Chem. Soc. . 1972, 94, 6190. Using the procedure described in Org. Svn.. 
1976, £§. 84. the product is oxidized witti chromium trioxide and pyridine. The 3- 
alcohol is then desilylated with hydrofluoric add in acetonitrile using the procedure 
described in J. Am. Chem, Soc , 1972. 91, 6190 to give the product shown for 
25 method 13. 

in method 14. the starting material is selectively protected at the 3-a!cchol 
with t-butytdtmethyichlorosiiane and Imidazole using the procedure described in ^ 
Am. Oiem, Soc. 1972. ^ 6190. The resulting intemnediate is reduced with lithium 
aluminum hydride using the procedure described in J. Am. Chem. Soc,, 1951, ]^ 
30 1777. The resulting intermediate is selectively acetyiated on the 12-aicohoi. silyiated 
on the 11-alcohol with trimethytsllyltriflate and 2,6-lutidine using the procedure 
described in Tetrahedron Ljetters, 1981 , gg, 3455, and then deacetylated at the 12- 
alcohol witti lithium aluminum hydride and an aqueous ammonium chloride quench. 
Th 12-alcohol is oxidiz d with chromium tri xid and pyridine in methyien chlorid 
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using th procedur described In Pro. Svn.. 1076, S§, 84, and then d eilylated with 
hydrofluoric acid in acetonitriie using the procedure described In J. Am. Chem. Sac . 
5 1972. 94, 6190 to give the product shown in method 14. 

According to Reaction Scheme V the desired Fomiula lA compounds wherein 
Q\ Q^, Q^, Q^, Q^, Cs and are as described in (E) above (i.e., oxygenated at the 
position) may be prepared by the following procedures. 

The desired Formula X compound can be prepared by the oxidation of 
10 tigogenin IX. Generally the oxidation is performed by reaction of tigogenin with 
pyridinium chiorochromate in a reaction inert solvent such as methylene chloride at 
O^C to ambient temperature for about 2 hours to about 10 hours. 

The desired Fomnula XI compound can be prepared by bromination of the 
Formula X compound followed by an elimination reaction. Typically the bromination 
16 is performed by reaction of the Formula X compound with bromine in 

tetrahydrofuran at a temperature of about -78^0, followed by warming to ambient 
temperature for about 1 hour to about 3 hours. The elimination reaction Is 
performed by reaction of the brominated product prepared above with lithium 
bromide md lithium carbonate in a polar, aprotic solvent such as dimethyl 
20 formamide at a temperature of about lOO^C to about 140^C for about 1 hour to 
about 4 hours. 

The desired Fomnula XII compound can be prepared by epoxidation of the 
appropriate Formula XI compound followed by lithium aluminum hydride reduction. 
Generally the epoxidation is performed by reaction of the Formula XI compound with 

26 hydrogen peroxide and sodium hydroxide in a polar, protic solvent such as 

methanol at ambient tmiperature for about 2 hours to about 6 hours. The reduction 
is performed by reaction of the epoxide prepared above with fithium aluminum 
hydride in a reaction inert solvent such as tetrahydrofuran at ambient temperature 
for 2 hours to about 6 hours. 

30 The desired Formula lA compound as described in (E) above wherein 

contains a hydroxy group may then be prepared from the appropriate Fomnula XII 
compound by a zinc fluoride catalyzed coupling followed by deacetylation with 

36 
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sodium methoxid as described previ usly. Those compounds wher in is 
carbonyl may be prepared in an analogous manner, wrth the addition of oxidation 
5 with pyridinium chlorochromate (as described for Formula X compounds ) prior to 
the deacetylation. 

According to Reaction Scheme VI, the desired Formula (A compounds 
wherein Q^Q^CP,Q^CCQ and are as described in (F) above (i.e., oxygenated at 
the position) may be prepared by the following procedures. 

10 The desired Formula (XIV) compound can be obtained by protection (as 

denoted by P) of the alcohol function in dlosgenin pail) followed by hydroboration f 
the olefin. Typically, the alcohol is protected as an ethoxymethyl ether by reaction 
of diosgenin with ethoxymethyl chloride and diisopropylethyl amine in an anhydrous 
solvent such as methylene chloride at ambient temperature for about 2 hours to 6 

15 hours. The hydrcbcraticn is penormed by reaction of the compound prepared 
above with borane-tetrahydrofuran complex in a reaction-inert solvent such as 
tetrahydrofuran at ambient temperature for about 1 hour to about 6 hours. 

The desired Formula XV compound can be prepared by oxidation of the 
appropriate Fonnula XIV compound followed by removal of the alcohol protecting 

20 group. Generally, the oxidation Is performed by reaction of the Formula XIV 
compound with pyridinium chlorochromate in an anhydrous solvent such as 
methylene chloride at ambient temperature for about 2 hours to about 8 hours. Th 
removal of the alcohol protecting group can be accomplished by reaction of the 
oxidized product prepared above with concentrated hydrochloric add in a mixed 

25 solvent containing mettianol and tetrahydrofuran at a temperature of about 40^C t 
at>out 65^C for about 5 minute to about 1 hour. 

The desired Formula lA compound as described in (F) above wher^n Q" Is 
carl)onyl may then be prepared from the appropriate Formula XV compound by a 
zinc fluoride catalyzed coupling reaction followed by deacetylation using sodium 

30 methoxide as descril>ed previously. Those compounds where In contain a 
hydroxy group may be prepared in an analogous manner with the addition of 
reduction prior to deacetylation. Typically the reduction is perfomned by reaction 
with sodium borohydride In a mixed solvent of ethanol and dichloromethane at 
ambient t mp ratur for about 1 hour to about 6 hours. 
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Tha compounds of Formula I which have been obtained and have 
asymmetric carbon atoms can be separated into th ir diastereomers on the basis f 
5 their physical chemical differences by methods known sgr se., for example, by 
chromatography and/or fractional crystallization. 

The compounds of this invention where the sugar is B-D-giucopyranuronosyl 
are acidic and they form base saKs. All such base salts are within the scope of this 
Invention and they can be prepared by conventional methods. For example, they 
10 can be prepared simply by contacting the acidic and basic entities, usually in a 
stoichiometric ratio, in eittier an aqueous, non-aqueous or partially aqueous 
medium, as appropriate. The salts are recovered either by filtration, by precipitation 
with a non-solvent followed by fittraUon, by evaporation of the solvent, or, in the case 
of aqueous solutions, by tyophiiizaUon, as appropriate. 
IS In addition, many of the compounds of this invention may be isolated as 

hydrates. 

The compounds of this invention are potent inhibitors of cholesterol 

absorption and thus are all adapted to therapeutic use as hypercholesterolemia 

controlling agents in mammals, particularly humans. Since hypercholesterolemia is 
20 closely related to the development of generalized cardiovascular, cerebral vascular 

or peripheral vascular disorders, secondarily these compounds prevent the 

development of adharosderosis particularly arteriosclerosis. 

The hypercholesterolemia controlling activity of these compounds may be 

demonstiated by methods based on standard procedures. For example, the in yiyo 
25 activity of these compounds in faihlbiting Intestinal absorption of cholesterol may be 

detennined by ttie procedure of Meichoir and Hamvell (J. Upld Res., 1985, 26, 306- 

316). 

AeHvtty can be determined by the amount of hypochoiesterolemic agent that 
reduces the cholesterol absorption, relative to the control, in male golden Syrian 

30 hamsters. Mde golden Syrian hamstere are adnrrinist^ed dttier a cholesterol^ 
diet (control animals) or a diet supplemented with 1% cholesterol and 0.5% ehollc 
add for 4 days. The following day the animals are tested for 18 hours, tiien 
administered a 1.5 ml oral bdus of water containing 025% metitylcellulose, 0.6% 
Tween 80 and 10% sthanol (control animals) or an oral bolus that contains, in 

35 addM n,th desired concentration of th compound to be tested. Immediately 
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following bolus administration, th animals receiv a second 1 .5 ml ral bolus f 
liquid hamster di t containing 1% pH] holesterol (2.0/K;i/animaI; 210 dpm/nmol) 
5 and 0.5% eholic add, and are fasted for an additional 24 hours. At the end of this 
second fasting period animals are sacrificed livers are excised, saponified and 
aliquots are decolorized by addition of hydrogen peroxide, and assessed for 
radioactivity. Total hepatic radioactivity is calculated based on measured liver 
weights. The degree of cholesterol absorption is expressed as a percentage of the 

10 total radioactivity administered as an oral bolus that is present in the liver 24 hours 
following bolus administration. 

Anti-atherosderosis effects of the compounds can be determined by the 
amount of agent that reduces the lipid deposition In the rabbit aorta. Male New 
Zealand white rabbits are fed a diet containing 0.4% cholesterol and 5% peanut oil 

16 for 1 week (meal-fed once a day). After 1 week, the rabbits are dosed da'iy with the 
desired concentration of the compound to be tested. After 8.5 weeks, drug 
treatment is discontinued and the aninrais are maintained on the cholesterol 
containing diet for an additional 2 weeks and then switched to a cholesterol free diet 
for 6 weeks. The animals are sacrificed, and the aortas removed from the thoradc 

20 arch to the branch of the iliacs. The aortas are deaned of adventitia, opened 
longitudhally and then stained lArith Sudan iV as described by i-lolman et al. (Lab. 
invel 1858, 7, 42-47). The percent of the surface area stained is quantitated by 
densltomeflry using an Optimas Image Analyzing System (Image Processing 
Systems). Reduced lipid deposition is indicated by a reduction in the percent 

25 surface area stained In the dmg treated group in comparison with the control 
rabbits. 

AdministrBtion of the compounds of this invention can be via any method 
which delivers the compounds fo the intestinal lumen. These methods Indude oral 
roulM, intraduodenai routes etc. 
30 Th0 amount of steroidal giycodde administered wfil. of course, be dependent 

on the subject being treated, on the severity of the affliction, on the manner of 
administration and on the judgement of the prescribing physidan. i^owever, an 
effective dosage is in the range of 0.71 to 200 mg/kg/day, preferably 2 to 50 
mg/kg/day, most preferably 2 to 7 mg/kg/day. For an average 70 kg human, this 
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would amount t 0.05 to 14 g/day. preferably 0.14 to 3.5 g/day, m st preferably 0.14 
to 0.5 g/day. 

5 For oral administration, which is preferred, a pharmaceutical composition can 

take the iorm of solutions, suspensions, tablets, pills, capsules, powders, sustained 
release formulations and the like. 

Depending on the intended mode of administration, the pharmaceutical 
compositions may be in the form of solid, semi-solid or liquid dosage forms, such 

10 as, for example, tablets, pills, capsules, powders, liquids, suspensions, or the like, 
preferably in unit dosage forms suitable for single administration of precise dosages. 
The pharmaceutical compositions will include a conventional pharmaceutical carrier 
or excipiertt and a compound according to the invention as an active ingredient In 
addition, ft may include other medicinal or phanmaceutical agents, earners, 

15 adjuvants, etc. 

Pharmaceutical compositions according to the invention may contain 0.1%- 
95% of the compound, preferably 1%*70%. In any event, the composition or 
formulation to be administered will contain a quantity of a compound according to 
the invention in an amount effective to alleviate the signs of the subject being 

20 treated, i.e., hypercholesterolemia or atherosclerosis. 

For solid pharmaceutical compositions, conventional non-toxic solid carriers 
indude. for example, pharmaceutical grades of mannitol, lactose, starch, 
magnesium stearate, sodium saccharin, talcum, cellulose, glucose, sucrose, 
magnesium cart>onate, and the Hke. 

25 Liquid pharmaceuttcally administrable compositions can be prepared by 

dissolving or dispersing, or othenwise preparing a compound according to tttis 
invention and mixing it optionally witti a pharmaceutical adjuvant in a carrieri such 
at, lor example, water, saline, aqueous dextrose, glycerol, ettianol, and the like, to 
thereby form a solution or suspension. 

30 Methods of preparing various phamiaceutical compositions with a certain 

amount of active ingredient are known, or wDi be apparent, to those skilled in this 
art. For examples, see Remington's Pharmaceutical Sciences., Mack Publishing 
Company, Easter, Pa., 15tti Edition (1975). 
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Examol 1 

f3B.5g■12B.25m>3>fB^DK1a^actQsv^\oxv 102>hvdrox^^D^^ostane 
5 REDUCTION OF KETONES 

To a room temperature solution of (3fl,Sa,25R)-3-((B-D-galactosyl)oxyl- 
splrostan-12-one (1.33 g, 2^4 mmol; obtained via deacetylation of (BB.Sor. 25R)-3- 
[(t0traaeetyH3*D-galactosyl)oxy]spiro8tan-12-one (preparation B2) according to the 
procedure described in Example 3), ethanol (130 mL) and chloroform (260 mL) was 
10 added a solution of sodium borohydride (0.51 13.4 mmol) and ethanol(50 mL). 
After stirring for 4 hours, methanol (200 mL) was added and stirring was resumed for 
2 hours. The reaction mixture was concentrated in vacuo to give 3.38 g of crude 
product. Recrystallization from a mixture of methanol (80 mL) and water (8 mL), 
followed by washing with cold methanol (20 mL) and drying gave 1.33 g 
15 (quantltetiye yield) of the titls compounds. MS: 593 (M-i-n). 

MP: >200»C. High resolution FAB MS (m/e): calc. for C^sHqqO^: 595.3846, found: 
595.3861 

The title compound was prepared from the appropriate starting material in an 
analogous manner using the procedure of Example 1 . 
20 Example 2 

f3B.&y.12B.25RV3-rfBJ>^obio8vnoxv1-12-hvdroxvspl^ 
m.p. M,S, 

>200«C 757(M+H) FAB HRMS (m/e): calc. for C^^He^Ou Na: 779.4194 
25 779(M+Na) found: 779.4250 

Example 3 

rSB. Bg. 2BRW3.r«J^lobto8vl^oxv1tPtra«tan.11w>n« 

DEACgTYUSTION 

30 A mixture of (38.5o^R)-3>[(heptaacetyt-8-O-eenob{osy0oxy]spirostan-1 1 -one (6.87 g. 
6.26 mmol), sodium methoxide (68 mg, 1.25 mmol), methanol (35 m^ and 
tstrahydrofuran (75 ml4 was heated to reflux for 1 hour, followed by stirring at room 
temperature for 12 hours. A white predpltate fonned within 30 minutes. The final 
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suspension was concentrated jQ vacuo to give 6.0 g of cnid product. This material 
was purified by flash chromatography (eluent: chloroform followed by 8:2 
5 chloroformrmethanol) to give 2.71 g (57% yield) of the title compound. 

NMR (OMSO-de) 6 : 5.22 (d. J» 5Hz. IH); 5.00 (m, 3H); 4.64 (s, 1H); 
4.58 (t, J= 5 Hz, IH); 4.54 (t J= 6Hz, IH); 4.34 (q, J= 8 Hz, IH); 4.27 (d, 
J» 8Hz, IH); 4.23 (d, J= 8 Hz, IH); 3.68 - 2.94 (m, 16 H); 2.34 (m. 2H); 2.08 
. 0.81 (m, 23H); 0.92 (s, 3H); 0.86 (d, J = 7 Hz, 3H); 0.72 (d, J = 6 Hz, 3H); 
10 0.59 (s, 3H). DEPT ^'C NMR (DMSO-de) 6 : 210.4 (s). 108.8 (s), 103.6 (d), 

100.6 (d), 81.1 (d), 80.6 (d), 77.2 (d). 76,9 (d), 76.5 (d). 75.5 (d), 75.1 (d). 
73.7 (d), 73.6 (d), 70.5 (d), 66.4 (t), 63.5 (d), 61.5 (t), 60.9 (t), 50.5 (d), 57.1 
(t), 54.7 (d). 44.3 (s), 44.1 (d). 41.7 (d), 36.8 (d). 35.6 (t), 35.2 (s). 34,0 (t). 
32.6 (t). 31.3 (s), 30.2 (d). 29.2 (t), 28.9 (t). 28.2 (t), 17.5 (q). 17.3 (q), 14.8 
15 (q), 12.3 (q). IR (KBr): 3407 (s), 1700 (m) cm \ High resolution FAB MS 

(m/e): calculated for Cj,H„OuNa 777.4037, found 777.4108. Analysis: cal , 
for CsgHejOuSHaO, C 59.22 H 8.41; found C 59.48, H 8.48. MP: >300«C. 
A monohydrate crystalline fbmi of the above titled product was prepared as 
follows: 

20 A mixture of 20 g of the crude product prepared according to the above 

procedure, 600 ml of n-propanol, and 400 ml of water was stin-ed and heated to 
reflux. To the resulting solution was charged 2.0 g of diatomaceous earth. While 
still at reflux the insolubles were removed by filtration. The filtrate was 
atmospherically distilled to a total volume of 600 ml and cooled to ambient 

25 temperature. The resulting suspension was granulated for one hour and the product 
was collected by fUtration. The urKlried recrystailized cake from the above 
recrystaOization was susper^ed in 500 ml of methanol. This suspension was healed 
to reflux for 16 hours, cooled to ambient temperature, granulated for 48 hours, and 
isolated by fntration. Vacuum drying yielded 16.1 g (81% recovery) of the crystal 

30 monohydrate of the Example 3 titled compound. 

Examoles 447 

The following compounds were prepared from the appropriate starting 
material in an analogous manner using the above procedures. 
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Exampi«# C mpound Name 

mjp. M.S. formula elemental analysis 



4. ) f3B.6flr.25ffl-3-f(B'D-cellobiosv»oxv1splrostan-12-one 

>200»C 755 (M+H) C„HejOu calc. C 59.22; H 8.41 
777(M+Na) •2H20 found C 59.54; H 8.64 

5. ) (3g.5g.25RV-3-rfB-D-cellobio8V<)oxv1 spirostane 

>300«C 741 (M+H) C„Ha40„ calc. C 62.46; H 8.74 

•O.5H3O found C 62.31; H 8.36 

6. ) f3B.SB.25ffl-3-ffB-l>-cellobiosvltoxvlsplrostane 

>300«C 741 (M+H) C„He40„ calc. C 61.72; H 8.77 

•H,0 found C 61 .76; H 9.04 

7. ) f9B.Sif.2SR^.3.rfB.[Volueufono«vnoxv1splro«tane 

>200»C 615 (M+Na) FAB HRMS (m/e): calc. for CMH„0,Na, 637.3278 
637 (M+2Na) found 637.3329 



20 8.) r3B.Bg.2SRV»ffB-IVQlueosvnoxvlsp!ro8tan.12-one 

>200»C 593 (M+H) C„HuO, calc. C 64.89; H 8.91 
616 (M+Na) -HjO found C 64.46; H 8.62 



15 



30 



9.) f3B.6i>.2SRV3.rfB^D^alacte8vltoxv1teiro«tan.11 

25 >200"C 593 (M+H) CuHgA calc. C 65.38; H 8.89 

616 (M+Na) -0.75 H,0 found C 65.34; H 8.63 

ia) f3B.6B.2SSV^ffB^>eeMoblo8vltoxvl8Plrostane 



>2S0«C 741 (M+H) CuHmOu ealc. C 60.99; H 8.85 

•1.5 H,0 found C 60.69: H 8.90 

11.) f3B.Sg.2SRV.34ffB-D-ceHoblosvttoxvlathoxvteDtrostana 

>250«C 785(M+H) C4,He.0u calc. C 60.65; H 8.81 

•1.5 H,0 found C 60.53; H 8.97 
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Example# Comp undName 

m4>. iyi.S. formula elemental analyaie 

5 ssasassssasassBSB&sasssoassssassssssssassa 

12. ) f3fl.6g.2SRW3^r^B^3-qalac8teDvrane«vno)cvlethexv^aplrostana 

225«C 623(M+H) C„Hs.O, eale. C 65.14; H 9.45 
(d«e) '1.25 H,0 found C 65.39: H 9.61 

13. ) raQ.S(r.25R)-3-f(B-D-maltosvl)oxv1spirostane 

230'»C 741 (M+H) C„Ha*0„ eaic. C 60.30; H 8.82 

(dee) -2 8,0 found C 60.64; H 8.84 

14. ) f3B.5g.25R)-3-f(B-D^aetosvl)oxv1SDlrostane 

>260»C 741(M+H) C^^O,, ealc. C 63.22; H 8.71 
15 found C6296; H8.65 

15w) f3B.8g.25RV3-f (B.^Maet08vnoxv1spirestan.1 2.one 

>260»C 75S(M-i-H) ^ C„H„0,4 eale. C 61.31; H 8.31 

•0.5 H,0 found C 61 .02; H 8.46 

20 16.) raB.Bg.26RW3.frB^^2.<egtamldo-2.deoxvalucoDvranosvl^oxv1- 



25 



210412OC 620(M-I-H) C,.He,0,4 eale. C 65.91; H 9.32; 

N2.20 

•LOHjO found C 66.07; H 9.55; 

N2.26 

17. ) f3B.Sg^6m.3.rfM><Mn«obtQavnoxvlSDirestanfl 

265«C 741(M-I-H) C,.Ha«0„ eale. C 61 .72; H 8.77 
(dae) -1.0 HjO found C 61.71; H 8.96 

18. ) f3B.&f.28RV.3.rfi>4..afabanoDvrano8vnoxvl8Dlro8lane 

>200*C 649(M-l-H) C„Hb,0, eale. C 68.36; H 9.59 
30 -0.75 H,0 found C 68.30; H 9.64 

19. ) f3B.6o.26RV3-rfa-IVarabanopvranosv1toxvlsplrostane 

>200*C 549(M-I-H) CuHsjO, calc. C 65.73; H 9.65 

•2.0 HjO found C 65.54; H 9.25 
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Example# C mpoundName 

in.p. WLS. formula •lemtntal analysis 

20. ) f3B.6g.2SRV^frB.L.xvlODvrano8vltoxvl8Dlro8tana 

>230«C 549(M+H) 0,^0, calc. C 68.91; H 9.58 

•0.5 H,0 found C 68.52; H 9.36 

21. ) f3B.5g.2SR)'3-ffB-i.-fueoDvranosvltoxvlsDlrostane 

>230«»C 561 (M+H) C^Hj^O, eale. C 68.25; H 9.72 

•1.0 H2O found C 68.62; H 9.53 

22. ) f3fl.5g.25RV-3'ffB-D-xvlopranosvl>oxv1SDirostane 

15 >220*C S49(M+H) C„H„07 eaie. C 66.23; H 9.64 

•1.75 H2O found C 66.32; H 9.31 

23. ) <3B.Sg.25Rl-3-frB.D.fueopvrano8vnoxvl8Dirostana 



10 



20 



25 



>220*C 663(M-t-H) CuHmO, calc. C 69.32; H 9.69 

•0.6 H,0 found C 69.32; H 9.78 

24. ) f3fl.8g.2SRV-3-rffl.D^qalactODvrano8vltoxvl8olro8tana 

>200»C 579(M+H) C„H540, calc. C 66.12; H 9.47 

•1.25 HjO found C 66.46; H 9.26 

25. ) f3B.5a.25RV.3.rf30-^-0<ialaetODvrainosvl^.flO. 
arabanoDvianosvltoxvtolroatanfl 

>200*C 679(M+H) C„Hi,0„ calc. C 62.64; H 8.78 

•1 H,0 found C 62.93; H 8.66 

26. ) f3B.Sg.2SSV3-rfB-D-Qalaetopvranosvftoxv1sDirostane 

>200«C 679(M-I-H) CuHmO, eaic. C 64.51 ;H 9.44 
30 '2 H3O found C 64.69; H 9.41 

27. ) f3B.Sg.2SRVa.ffi>J)^eritobio8vttoxvl8Diro8tan.11.ona 

290^292«C 777(M-l'Na) FAB HRMS (nVo): calc. for C„HeA4 755.4218 

found 755.4163 
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ExampI # C mp und Nam* 

vxp. M.S. formula •lementai analysis 



28. ) OB.Sq. 1 2B.2Sm-a-f f8-t>cellob}osv<^o)(v1.1 2-hvdroxvsDirostane. 
11-one 

>2000C 771 (M+H) CmHuOis calc. C 60.76; H 8.10 
793(M-t-Na) HjO found C 61.76; H 8.88 

29. ) f3B.5q.1 1g.25R^-3-ffB-D-celloblosv»oxvM 1 -hydroxysplrostane 

>210oC 779(M+Na) FAB HRMS (m/e): calc for C„He40u Na 779.4194 

found 779.4188 

30. ) f3B.Sg.1 1 B.26RV^ffB.D-cellobiosvl^oxv1-1 1-hvdroxvsDlrostana 

>210«C 779(M-i-Na) C„He40,4 calc. C 60.45; H 8.28 

•H3O found C 60.41 : H 8.68 

31. ) raB.5g.2SRV^fB.D-alueoDvranosvnoxv1sDlro8tan.1 1-one 

293495«C 693(M-l-H) CmHbA calc. C 64.89; H 8.91 

-2 H2O found C 64.48; H 8.85 

32. ) f3fl.&r.11B.12B.26m-3-rfB-D^loblo8vnoxvl.11.12. 

dlftivdroxv^sDirostane 

>230«C 773(M-i-H) C„HmO„ calc. C 57.91; H 8.47 

•2 H,0 found C 57.87; H 8.41 

25 33.) fW.§g.11g.1M.2gn)^r(Mk?l!9W9yYl)9wV11.12- 

>230«C 773(M-I>H) CuHmO,, calc C 59.22; H 8.41 

•1H,0 found C 5927; H 8.32 



30 



34.) f9fl.Sa.12g.2BRWa.rfB.[^eanQbto«vltoxv1.12-hvdfDXV«Dlro«tana 

>230"C 757(M+Na) C„HmOu calc. C 57.76; H 8.70 

<3H,0 found C 57.56; H 8.61 
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Example# Compound Nam 

mjp. M.S. formula elemental analyaia 

35. ) f 3S.5g.2SRV3-rffl-D-laeto8Vt>oxv1SDtro8tan-1 1 -one 

>270«»C 755(M+H) C„H„0,4 calc. C 62.05; H 8.28 

found C 61 .88; H 8.14 

36. ) /SB.Sfl.l 1g.12tf.2SRVa.rfB.[^eelloblosv<^oxv1-1 1 .12- 
diftwdroxvteDirostane 

287-288»C 795(M+H) FAB HRMS (m/e): caJc. for CjaHMOfgNa 795.4143 

found 795.4164 

37. ) f3fl.5g.1 1g.25R)'3-ffB-D-cellobiosvnoxv]-1 1-hvdroxvsoirostan« 
12-one 

>300*C 771 (M+H) CnH„0,e ealc. C 67.41; H 8.28 
793(M-I-Na) ^.SHfi found C 57.38; H 7.90 

38. ) (3B.5a.25R>-3-rfB.[>celloblosv»oxvl8Dirostafv1 1 ■12-dione 

244-246«C 769(M-fH) C„HmO,s caic. C 55.70; H 8.15 
791(M-l-Na) 4H,0 found C 55^; H 7.99 

39. ) f3B.6g.1 1 B.12g.2SR>^frB.D^»llobiosvltexvl.1 1 .12- 
dtfhvdroxv^sptrostane 

>228-229"C 773(M-I-H) FAB HRMS (m/e): calc. for C,^0,sNa 795.41429 
7g5(M-i-Na) found 795.4164 

25 

40. ) f3B.Sg.12g.2SRVa.rfB4%f5allobtosvno)cvl.12 -hvdrDXVSDiro8tan- 

Hsos 

>230«C 771(M-l-H) CuHb,0,s eate. C 66.78; H 8.31 
793(M-l>Na) <aH20 found C 56.97; H 7.80 



41.) f8B.6g.12fl. 26RV3-ffB4>laete«vnoxvM24wdrpxv8PlrQ«ten.11^ 

>275«C 771(M-(-H) CsgHnOie ede. C 60.06; H 8.14 

O.5H2O found C 59.92; H 7.89 



10 
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Exampie# Comp und Name 

in.p. M^. formula elemental analyala 

42. ) f3B.Sg.2Sm-3-rrB-D-mattotriosvltoxv1sotrostan-1 1 -one 

>230«C 939(M+Na) CwHeAe calc. C 54.15; H 8.17 

•4.5H,0 found C 54.08; H 7.84 

43. ) raB.Sg.25RV^rffl^>maHogvlto)(vl8Diro8tan.1 l-ene 

>280«C 755(M+H) C„H„0,4 ealo. C 59.22; H 8.41 

•2H,0 found C 59.38; H 8.13 

44. ) f 1 g.38.Sg.25RV-3-ffB-D-celloblosvl)oxv1-1 -hvdroxvsDirostane 

15 >280«C 757(M+H) C^He^O^ calc. C 60.45; H 8.58 

•H,0 found C 60.30; H 8.21 

45. ) f3B.&r.2SR^ffB^>eellobtosvnoxvlsDirostan.1^ne 

>250«C 755(M-i-H) C„HuOu ealo. C 60.32; H 8.36 
20 -1 ^H,0 found C 60.24; H 8.13 

46. ) f3B.5g.25RV»rrB-D-eelteblo8vl>oxvlsDlrostan-6-ene 

>200«C 754(M-fH) FAB HMRS (m/e): calc. for C,sH,20,4 755.4286 

found 755.4219 

47. ) f3B.8g.6g.2SRV^ffB^VeeHobioavitoxv1.64ivdrexv8Dirostane 

25 

>260«C 756(M-I-H) C„H^O,^ calc C 59.12; H 8.65 

•2H,0 found C 59.23; H 8.46 



Example 48 

30 f38.Bif.1 1B.«RV^ffB.t>eeBoblo8Vltexvl-1 14wdrexvspirestan-12-one 

DEACETYLATION 

Baaed on Ihe procedure described in Synthesis. 1973, 790, (3B,5a,11B,25R)- 
3>[(heptaacetyl-6-D«elloblosyl)oxy]spirostar>-11*oM2-one (240 mg, 0.225 mmol) was 
dissolved in methianol (20 mL) and tetrahydrofuran (10 ml). To this solution was 

35 

added a solution of potassium cyanide (146 mL, 2.25 mmol) in water (0.1 mL) and 
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msthanoi (5 mL). Th resulting mixture was heated to 80 " C for four hours. After 
cooling, the mixture was concentrated to dryness and purified by flash 
5 chromatography (9:1 chiorofonntmethanol eluent) to give the title compound. Mp 
245-247 -C. MS(m/e):771 (P+1). 793 (P+Na). Analysis: ealefor 
CssHasOts^HjO. C 66.70. H 8.31; found, C 66.97, H 7.80. 

Preoaration A1 

10 (3B.5g.2SR)-3-r(HeDtaacetvl-flM>cellobiosvltoxylsDirostan-11-one 

ANOMERIZATION 
Hydrotiromlc add (30% in acetic add, 1.2 mL) was added to a room 
temperature solution of (38, Sa, 25R)<3-[(heptaacetyl-8-D-cetloblosyl)-oxy]splrostarv 
11 -one (2.0 g) in methylene chloride (35 mL) and the resulting mixture was stin-ed at 
15 room tsmpsrsturs for 34 houm. Trie reaction was quenched by slow addition of 
saturated aqueous sodium bicarbonate (20 mL). The organic layer was separated, 
dried over magnesium sultate, and dried iQ vacuo to give 1 .637 g of a black solid. 
PurHicatlon by repeated flash chromatography (1:1 ha(ane:eihyi acetate eluent) 
provided 651 mg (33% yield) of the title compound. 
20 'H NMR (CDCg 6 : 5.41 (t. J - 10 Hz, IH); 509 (complex. 3H); 4.91 

(t. J « 8 Hz. 1H); 4.69 (dd, J » 4 & 10 Hz, IH); 4.49 (complex. 3H); 
4.36 (dd, J « 4 & 13 Hz. IH); 3.99 (m. 3H); 3.67 (m, 2H); 3.40 (m, 
3H);2.45 (m, IH); 2.22 (s, 2H); 2.11 (s. 3H); 2.07 (s, 3H); 2.03 (s. 6H); 
2.00 (s. 3H): 1.99 (s, 3H): 1.97 (s, 3H): 2.00 • 0.80 (m, 22H): 1.02 (s. 
25 3H); 0.92 (d, J » 7 Hz. 3H); 0.77 (d, J » 7 Hz, 3H); 0.69 (s, 3H). 

DEPT '»C NMR (CDCI,) J : 21C.C (s). 170.5 (s), 170.3 (s). 170.2 (s), 
169.6 (s). 169.3 (s). 169.1 (s). 109.2 (s). 100.9 (d). 94.3 (d). 80.6 (d), 
78.0 (d), 77.0 (d), 73.1 (d), 71.9 (d), 71 .8 (d). 71.2 (d). 69.6 (d). 68.1 
(d). 67.8 (d). 66.9 (d), 64.4 (d). 62.0 (t). 61.5 (t), 60.7 (d). 57.6 (t), 55.7 
30 (d), 45.0 (d). 44.3 (s), 41 .8 (d). 36.9 (d), 35.5 (t), 35.4 (t). 35.1 (s). 32.7 

(I). 31.3 (t). 31.2 (t). 302 (d), 28.7 (t). 28.0 (t), 27.4 (I), 20.9 (q), 20.7 
(q), 20.6 (q), 20.5 (q), 17.1 (q), 17.0 (q). 14.2 (q), 12.1 (q). IR (Kbr): 
1751 (s). 1706 (m) cm \ MS (m/e): 1049 (M+H), 1071 (M + Na). 
Analysis: cale. f r C„H„0„*H,0. C 59.65 H 7.37; found C 59.66 H 
35 7.00. MP: 248-249'»C. 
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Prepafati n B1 

f38.Sg.2SRV-3-rrHeDtaaeatvl.B.|^eallo biosvttoxY]fipirostan8-1 1 -ona 

5 

ZINC FLUORIDE PROMOTED C 0UPUNC3 QP PREE SPIROSTANg 

A suspension of (38,Sa,25R)-3-hydroxyspirostan.11-one (3.0 g, 6.97 mmol) 
and anhydrous zinc fluoride (2.88 g, 27.9 mmol) In dry acetonHrile (175 mL) was 
dried by removal of 75 mL of acetonitrile by distillation. The suspension was 

10 allowed to cool, heptaacetyl-6-D-cellobiosyl bromide (9.75 g, 13.9 mmol) was added 
and the resulting suspension was heated to 65*C for 3 hours. After cooling to room 
temperature, methylene chloride (150 mL) was added, the suspension was stirred 
for 10 minutes and filtered. The filtrate was concentrated jQ vacuo to give 10 g of 
crude product. This material was dissolved In 8:2 chiorofomirmethanoi, 

15 preadsortMd on silica gel and purified by flash chromatography (eluent 1:1 ethyl 
acetate:hexane followed by pure ethyl acetate) to give 6.81 g (93% yield) of the tM 
material. 

'H NMR (COO,) d : 5:11 (complex, 2 H); 6.04 (t,*J = 9 Hz, IH); 4.90 
(t. J = 9 Hz, IH); 4.83 (t, J = 8 Hz, IH); 4.49 (complex, 4H); 4.34 (dd, 

20 J » 4.5 & 12.5 Hz. IH); 4.04 (t, J = 13 Hz. IH); 4.03 (t. J = 11 Hz. 

IH): 3.72 (t, J = 9.5 Hz. IH); 3.65 (m. 1H); 3.56 (m. IH); 3.45 (m, 
IH); 2.47 (m. IH); 2.22 (s. 2H); 2.08 (s. 3H); 2.06 (s. 3H); 2.00 (s. 
6H); 1.99 (s. 6H); 1.96 (s, 3H); 2.00 - 1.00 (m, 22H); 0.98 (s. 3H); 0.92 
(d. J = 7 Hz. 3H); 0.77 (d, J = 7 Hz. 3H): 0.68 (s. 3H). DEPT "C 

25 NMR (COa,) 6 : 209.9 (s). 170.5 (s). 170.3 (s). 170.2 (s), 169.9 (s). 

169.8 (8). 169.5 (8). 169.3 (s). 169.0 (s), 109.2 (s). 100.8 (d). 99.4 (d). 
90.0 (8), 80.6 (d). 79.4 (d), 76.6 (d), 76.3 (s). 72.9 (d), 72.6 (d). 72.5 
(d), 71.9 (d). 71.8 (d). 71.6 (d). 67.8 (s). 66.9 (t). 64.4 (d). 62.1 (I), 
61.5 (t). 60.8 (8). 60.7 (d), 57.6 (t). 55.7 (d). 44.8 (d). 44.3 (s). 41.8 (d), 

30 36.9 (d). 35.6 (t), 35.2 (s). 34.1 (I). 32.7 (t). 31 .3 (I). 31 2 (t). 30.2 (d). 

29.0 (t). 28.7 (t), 28.0 (t), 20.9 (q). 20.7 (q). 20.6 (q). 20.6 (q). 20.5 (q), 

17.1 (q), 17.0 (q). 14.2 (q). 12.0 (q). IR (KBr): 1756 (s), 1706 (m) cm' 
\ MS(m/e): 1049 (M+H). Analysis: eale. for Ce,H„0„-H,0, C 
69.65, H 7.37; found C 59.86. H 7.25. MP: 210-212OC. 
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In an analogous mann r th foil wing compounds, Preparation B2-B31, were 
prepared from the appropriate starting material using the above general procedure. 
5 Preparation B2 

f3B.Sg.2Sm^fftetraacetvl-B>D-Qalactosvltoxvlsplrostane-12^ne 

Preparation B3 
f3g.5flr.2SR>«3'ffheptaacetvl-B-D-cenobio8vltoxvl8Piro8tane 
Prepyatlon B4 

10 f3B.SB.25R^-3-ffheptaacetvl*B«I>cellobiosvHoxvlspirostane 

Preparation BS 

f3B.Sg.25R)«3-fftriacetyl-B-D-qlucuronosvl)oxvlspirostane methvi ester 

Preparation ps 

(3fl,5g.25R)*3->rftetraacetvl43-D-alucopvranosYl)oxv1spirostane*12^ne 
IS Preparation 87 

f3B,6g,2SR^^rftetraaefltv»-8-[>aalactopvranosvltoxvl8Plrostane^ 

Preparation 88 
f3fl.6g,2SSl>3-fmeptaacetvt>B4>celloblosvltoxvlspirort^ 

Propyatiop P9 

20 f3B.Sg.25RV3>fffheptaacetvt>B>0<:ellobiosvttoxvlethow^^ 

Preparation 810 
f3B.Sg.2SR>-3-f[ftetraacetvl-e>D<]alactopvranosvl^oxvlet^ 

Preparation 811 
f3B.6g.2SRW^rrheptaacetvl>8>I>lactosvlto)Cvlspirostane 
25 Preparation 81? 

<3B,fa.2SR^«3*yfh6Ptsacetvl^I>4actosvl)oxvl8Ptrostane-12-one 

^3B.Stf.28RVa->fflftecetvt^4j-arabanopvrano8vltoxylspir^ 
preparation BH 

30 f3B.Sg.25RV-3*fftriacetv^<>>D'WbanQpyranos^^ 

Preparation BIS 
f3B.Stf.2SRV3-rftriacetvl-B4,>xvloPvranosvltoxv^ 

Preparation 816 
r3B.&y.2SRV-3-rftriacetvl-B>L»fucopvrano8vnoxv]spirostan 

3S 
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Prenaration B17 
f3B.5g.25R)-3-r/triacctvl-8-D-xvtoDvrano8vltoxyl8Dirostan^ 

Preparation B18 
f38.5g.25ffl-3-rftriaeetvl'e-D-fucopvrano8V<toxv1spirostana 
Preparation B19 
raB.Sg.2SRV-a-rftetraaeetvl-g-D-qalaetopvrano8vltexvlspirostane 
Preparation 820 

f3B.Sfl.2SRV^rftaxaaeBM-3-0-fl-l^flalartopvrano8vt.g-D-afabanopvrano«v^^ 

spirostane 

Preparation 821 

f3B.Sg.25S^-3-fftetraacetvi'B-D-qalaetopvranosvltoxvlspirostane 
Preparation B22 

f38.5g.12B.26RV'3-fnieptaacetvl-6-D^lobiosvltoxvl-12-hvdroxvspirostan-11-one 



Preparation B23 

f3B.Bg.1 1g.26RV^rftieptaaeetvl.B-D-ceMoblosvltoxv1-1 l-hvdroxvspirostane 

PrapafaBon B24 

f3B.Sg.1 1B.25R)-3-rfheDtaacetvl-6-D-cellobiosvi^oxv1-1 1-hvdroxvsplrostane 

Preparation B2S 

f38.Sg.25RV-3-rftetraaceitvl-B-D-qlueopvranosvltoxvlsp!rP8tan-1 1 -one 
25 Preparation B26 

f3B.Sg.1 1 B.1 2B.26RV^f fheptaacetyt-B-D-eeltoblosyt^oxvl-l 1 .1 2» 

tf(hvs<r9W)iplrQf^fln» 

Preparation B27 

f3B.S£r.11fl.12B ^5RV^ffheptaac etv14i.CMielloblosvltoxvl.11.12. 
30 di/hvdroxv^splrostane 

Preparation KB 

f3B.6g.12g.25RV3-fheptaacetvi.B.I^eelloblosvnoxvl. 
1 2-hvdroxv8Plrostane 
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Preparation B29 

6 f3B.6g.25RVO-f fheptaaeetvl4i^ac5togvltoxv1SDiro8tan.1 1 ^ne 

Preparation B30 
f38.Sg.25R)-3-f<heptaacetvM3-D-celloblosvnoxvl8Plrostan'12-one 

Prep9mti9n B91 

f3fl.Sg.1 1g.12g.25flV3'rmeptaacetvl-B-D-celiobte8vnoxvM 1 .12» 
dihvdroxvsplrostane 

Preoaration B32 

(3B.5<r.1 1a.25R^-3-r(heptaacetvl'B'D-ceHoblosvl)oxvl-11- 
hvdroxv«oiro«tan.1 2.<mm 

15 

Preparation B33 

f3B.Sg.26RV-3-f<heptaacetvl-fl-D^lobiosvi^oxv1splrostan-1 1 .12-diona 

Preparation B34 

f3B.te.11B.12it.2SR^ffheptaac«tvl.B^>c«ilobio8vlto)(vM1.12. 
diftwdroxvteptrostane 

Preparation B3S 

f 3B.5g. 1 2g.25RV'3'f f B-D-ceilobiosvi^oxvM 2'livdroxvspirosten'l 1 -one 

Preparation B36 

f3B.Sg.12B.2SRV3-fmeptaaeetvi.a^^aetosvi^oxvT.124ivdroxvspiro^ 

Preparation B37 

f3B.8g.2BRV3.fModeeaaeehrf^D^naltotrio«vitoxvl«plro8tan.1 1.ona 

Pr«w«MonB38 
f3B.Sg.2SRV-3-fftieptaaeetvl-B-D-malt08vlto)(vl8Piro8tan-11-ene 
Preparation B39 

ng.9fl.&f.2BR^.3.rftiaptaaeetvl.BO-eeliobio8vttoxv1-1.hvdrexv8Piro8tane 
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Praoaration B40 
faB.&>.2SRVa.rmeptaaeaM.B.D-cellobte8vltoxv1spirostan.6.one 

5 

Preparation B41 

faB.5g.1 1B.2sm^rmeDtaac8tvt.B^><allQblosv!^QXv%1 14ivdroxvsDlrostari.12.one 

Propara^ion CI 

10 

f3B.Sg.2SRVa-aftiaDtaacrtvt-B.[Maeto«vnoxvlSDirostane 

MERCURIC BROMIDE/MERCURIC CYANIDE PROMOTED COUPUNG OF 

SILYIATEDSPIROSTANE 

Powdered 4A molecular sieves (1 g) were added to a solution of trimethylsilyl 
15 tigogenin (1 .17 g, 2.4 mmol) and acetobromo lactose (3.36 g, 4.8 mmol) in CHjCtj 
(15 mL) and CH,CN (5 mL) at room t«nperature. After stirring for 15 minutes 
Hg(CN)2 (2.4 g, 9.6 mmoO and HgBr, (3.4 g, 9.6 mmol) were added and the mixture 
stirred at room temperature for thrae hours. The mixturo was diluted with ethyl 
acetate (50 mL) and flitarad. Tha flitrata was washed with IN HCt(3 x 30 mL) and 
20 brine (1 x 30 mL), dried (NasSO*) filtered and concentrated jn vacuo . The product 
was purified by flash chromatography (10-20% EtOAe/Ci-ljCI^ to afford 400 mg 
product as a cotorless soDd. MS 489 (M-f IH)^. 

NMR (250 MHz. COCI,) 6 5.35 (d. 1H, J « 1.0 Hz); 5.2 (dd. 1H. J = 4.5. 
4.5 Hz): 6.15 (dd. 1H. J = 6.0. 5.0 Hz); 4.95 (dd. 1H, J = 4.5, 1.0 Hz); 4.85 
25 (dd. 1H. J > 5.0, 4.5 Hz); 4.55 (d. 1H, J « 6.0 Hz); 4.4 (m, 3H): 4.1 (m. 3H): 

3.86 (t, 1H. J B 3.0 Hz): 3.8 (t. 1H, J » 4.5 Hz); 3.5 (m. 3H); 3.35 (t. 1H, J » 
5.0 Hz); 2.16 (s. 3H): 2.12 (s, 3H): 2.07 (s. 12H); 2.0 (S. 3H): 2.0 • 0.5 (m. 
27H): 0.98 (d. 3H. J » 4.0 Hz); 0.82 (s. 3H): 0.8 (d. 3H. J » 4.0 Hz); 0.73 (s. 
3H). 

30 In an analogous manner tha foUowIng compounds, preparatfons 02-04, ware 

prepared from tha appropriate starting material using tha above general proeedur . 
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Preparation C2 

(3B.Sg.25R>-3'afheDtaaeeM»B.D.malt08vt)oxy1-spirostane 

5 Preparation C3 

raB.Sg.2Sm.3.aftf<aaeetvl4i.D.g.«eetarnido.2.deoxvgtueQPvranosvl)oxvl. 

sptrostane 

PreoaraMon C4 

f3B.Sg.2SRV.3-fffheptaaeeM.B4a-qentlobio8vnoxvl.spirostane 

0 

Pranaration D1 
f3B.Bg.2SR^.34rimethvlsnvloxvgptK>«tana 
SiLYLATION OF SPIROSTANES 
Trimethyisnyl trifluoromethanesulfonate (4 mL, 22.1 mmoi) was added 
dropwiso to a solution of tigogenin (6 g, 14.4 mmol) and triethyl amirw (6 mL, 46 

6 

mmoi) in CH^a, (50 mL) at 0"C. After 1 hour, the mixture was diluted wRh ether 
(lOOmgandwashad with saturated NaHCO, solution (2x50 mg and brin«(1 x60 
mL), driad (Na^SOJ flitarad and eoneentrated in vacuo . Upon addtion of methanol, 
a prac^iitate fomied which was filtered and washed with methanol and dried to 
afford 62 g product as a colorless sold. 

0 

IMP 197 •198«C. MS 489 (M -f H)". 'H NMR (250 MHz, CDCH^ 6 4.36 (q, 
1H. J » 3.0 Hz); 3.6 (m. 2H): 3.4 (t. 1H. J « 5.6 Hz); 2.0^.5 (m, 27H); 1.0 (d. 
3H. J « 4.0 Hz): 0.85 (s. 3H): 0.8 (d. 3H. J » 4.0 Hz); 0.76 (s. 3H): 0.1 (s. 
9H). 

Preparation El 
f3B.Sg.25RV3-f24ivdroxvethoxv^-splro8tane 
LAN REDUCTIONS 
Lithium aluminum hydride (0285 g, 7.5 mmoi) was added to a solution of 
Hgogenin-O-aoetio add ethyl ester (2.6 g. 4.98 mmoi) in THF (50 mg at 0«C. After 
1 hour, the reaefion was quenched by the sequential addition of H,0 (0.286 mL), 
^ 16% rtaOH (0.286 mg and H,0 (0.85 mg. The mixture was diluted with ettier (26 
mg and dried with MgS04. filtered and concentrated fan vacuo to afford 2.1 g 
product as a coloriess solid. MP 207-208*0. MS 461 (M+H)"^. 

'H NMR (250 MHz. COa,) 6 4.4 (q. 1H. J » 3.0 Hz); 3.7 (m. 2H); 3.6 (m, 
2H); 3.5 (m, 1H); 3.4 (t. 1H, J = 5.5 Hz); 3.3 (m, 1H); 2.0^.6 (m, 28H), 1.0 
^ (d, 3H, J a 4.0 Hz); 0.86 (s. 3H); 0.8 (d, 3H, J « 4.0 Hz); 0.75 (s, 3H). 
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Preparation 

rf3B.5fl.25Rt-splrostaiv3-vl)>0^cfltj acid ethvl ster 
5 fRhfOAc) J. CA TALYZED CQUPUNGS 

Ethyl diazoacetate (5.5 mL, 0.048 mol) dissolved In 30 mL of CHjCI^ was 
added dropwise over 1 hour to a solution of tigogenin (10 g, 0.024 mol) and 
rhodium acetate dimer (250 mg) in CH^CI, (250 mL) at room temperature. Gas 
evolved throughout the addition and when the addition was complete the mixture 
10 stinted for an additional 1 hour. The mixture was diluted with hexanes (100 mL) and 
filtered through a plug of silica gel. The filtrate was concentrated in vacuo 
and upon addition of methanol to the residue, a precipitate formed which was 
filtered and washed with methanol and dried to afford 6.0 g product as a coioriess 
solid. MP119.120«C.MS503(IW+H)*. 
15 NMR (250 MHz, CDCI3) 6 4.35 (q. 1H. J = 3.0 Hz); 4.2 (m, 2H); 4.1 (s, 

2iH); 3.4 (m, 3H); 2.0 - 0.5 (m, 30H); 0.95 (d, 3H. J » 4.0 Hz); 0.8 (s, 3H): 
0.75 (d, 3H, J « 4.0 Hz); 0.72 (s. 3H). 

PreoaraMon G1 

f9B,gg.1i9.1?g.8SR)^pir9tfyv3,i1.1?>^^ 

20 

f3B.5o.11g. 25RV1 1 .23-dibromo-3-acetoxv8pirostan>1 2'One : The title compound was 
synthesized from (3B,5a,25R)-3-acetoxy8pirostar>-12-one according to the procedure 
descnl>ed in J. Chem. Soc.. 1956, 4344. 

25 f3B.Sir.11if,12B.25RV11.23^bromospirostan-3.12^lol: (36,5a.11a,25RH1^ 
dibromo-3-acetoxy8pirostan-12-one (20.00 g. azeotropically dried wRh toluene) was 
dissolved in THF (600 mg and cooled to •78«a Uthium aluirlnum hydride (96.0 
mLof 1.0 MTW solution) was slowly added and the resulting mixture was stinned at 
-78«C for 2 hours and O^C for 0.5 hour. Using a cannula, the mixture was 

30 cautiously transferred into stinted 3 M aqueous ammonium chloride (200 mL). The 
organic phase was separated, combined with THF washes of the solid residues, and 
concentrated to give the title compound. 
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f3B.Sg.1 1 B. 1 2B.2SR^23-bromo1 1 .1 2-eDoxvsDirostan-3-<)l : The following procedur 
is a variation of that described in Helv. Act. Chim, . 1953, 36, 1241. 
5 (38.5a.11a,12S,25R)-11,23-dibromospirostan-3,12-dlol (18.08 g) was dissolved in 
pyridine (500 mL) at room temperature and treated with silver oxide (70.0 g). The 
resulting mixture was stin'ed in the dark for 71 hours. The mixture was filtered and 
the solid washed with ether and then chloroform. These washes were combined 
with the filtrate and concentrated. The resulting solid was purified by flash 
10 chromatography (1 :1 hexanerethyl acetate) to give 12.2 g of a 1 :1 mixture of the title 
compound and (3S,5a,25R)-23-bromospirostan-3-ol-12-one. Further 
chromatography (7:3 hexane:ethyl acetate) provides pure titie compound. 

(3B.Sg.1 1 B. 1 20.25RV23-bromo-1 2>(trichloroacetoxv)spirostan-3. 1 1 -did : Using the 
15 procedure described in J. Chem. Soc. 19S6, 4330, (3B,5a,1 1B,12B,25R)-23-bromo- 
1 1 ,12-epoxyspirostarK3-ol was treated with trichloroacetic add in toluene at room 
temperature for 3 days to give the title compound. 

f3B.5a.1 1 B.12g.25RV234)romo-spirostan-3,1 1 .12-triol : Using ttie procedure 
20 described in J. Chem. Soc . 1956. 4330, (3B,5a,11B,12a,25R)-23-bromo-12- 

(trichloroacetoxy)spirostan^,11<liol was saponified with sodium hydroxide in water 
and ethanol to give the title compound. 

OB.Scr.l 1B.12g.25R^-SDirostan^.1 1 .12-triol : Using the procedure described In 
25 Chem. Soc>. 1956, 4330, (3B,5a,11B,12a,25R)-23-bromo-12-(trichloroacetoxy)- 

spiro8tan-3.1 1*dioi was reduced with zinc and acetic add to give the title compound. 

Preparation Q2 
(3B,§g,12ff,^5R)splro8tan-3.12^ioM l-pne 

30 

f3B.Sg.1 1 B.I 2a.2SR)-3.1 2-dif acetoxvtepirostan^l 1 -of : Using the procedure described 
in J. Chem. Soc . 1956, 4330, (3B.5a,11B,12a,2SR)*sp{rostan-3,11,12'4riol 
(preparation G1) was selectively acetyiated with acetic anhydride and pyridine to 
giv the title compound. 
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f3B.5g.12g. 25R^«3.12-difacetoxv^spirostan>1 l-on : Using the procedure described in 
Pro. Svn.. 1976, 55, 84, (3B,5a.11B,12a,25R)*3,12-di(acetoxy)-spirostan-11-ol was 
5 oxidized with chromium trioxide and pyridine in methylene chloride to give the title 
compound. 

f 3B .Sflr.1 2£r.25RVspirostan«3. 1 2«diol«1 1 -one : Using the procedure described in Svn» 
1973, 790, (3B,5o,120t25R)-3,12-di(acetoxy)spirostan-11-one was saponified with 
10 potassium cyanide in water, methanol and THF to give the title compound. 

Preoaration G3 
f3B.5a.11B.25R^SDtrostan-3.1 l^iol 

15 /3B.&y.1 1 B.2SrosDirostan-3.1 1 -dlol: (3B,5a.25R)spirostan-3^l-11-one (Aldrich 
Chemical Company, Milwaukee, Wl or Steraloids Inc., Wilton, N.H., or see 
preparation Q13) was converted into the title compound via reduction with lithium 
aluminum hydride in THF at room temperature according to the procedure 
described in J. Am. Chem, Soc, 1951, Z2. 1777. 

20 

Preppfftion G4 

(3B,5g,1 1ff,2?P)spirostan-3.1 1-diol 

fSfl.Stf.l 1g.25R^SDirostan'3.1 1-dlol : (3B.5a»25R)spirostan-3-ol-11-one (Aldrich Chemical 
25 Company, Milwaukee, Wl or Steraloids inc., WiKon, N.H., or see preparation G1 3) was 
converted into the titie compound via reduction with lithium and ammonia according 
to the pn)cedure described in J. Am. Chem. Soc , 1953, ZSt 1282. 

Preoaration G5 

30 (9B,gg.11B,139.26R)spirostarv3.11,12-tTi9| 

r3B.6iy.1 1B.12B.2SmsDlro8tan^.1 1 ■124riol: (3B,5a,12B,25R)^,12Kli(acetoxy)spirostan. 
11 -one (purchased from Steraloids, Inc., or see preparation G13) was converted into 
the title compound via reduction with lithium aluminum hydride in THF at room 
temperature according to the procedur described in J. Am. Chem. So 1951, 73, 

3B 1777. 
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Preparatipn G6 
f3B.5g.1 1g.12B.25msDlrostan>3.1 1 .l^-trlol 

5 

f3B.5g,12B.2SmsDirostafv3.12-dioM1-ona ! (3S,Sa,12B,25R)-3,12-di(acetoxy)spirostan- 
11-one (purchased from Steraioids, Inc., or see preparation G13) was saponified with 
potassium carbonate in water* methanol and THF to provide the title compound. 

10 r3B.Bg.1 1 <r.12B.26msDirostan-3.1 1 ■12-triol : (3B,5a,12B,25R)splrostan-3,12.diol.11-one 
was converted into the title compound via reduction with lithium and ammonia 
according to the procedure described in J. Am. Chem. Soc. 1953, Z§> 1282. 

Preparation G7 

15 i3B.6g.l2flr.25R)8Diro8tan-3.12-dlol 

f3B.Sir.1 2g,2SR^8Dirostan-3.1 2-dIoi : Using the procedure described in J. Am. Chem. 
Soc. 1984, Tg, 4013, (3B,5a,25R)*spirostan-3-ol*12-one was reduced with lithium 
aluminum hydride in ether to give a mixture of C-12 alcohols from which the titi 
20 compound was isolated. 

Preparation Q8 
f3B.Sg.2SRW8Dirostan>3-oM 1 .12-dione 

25 f3B.5flr.1 2B.2SRV3*ft43Utvldlmethvlsllvloxvlspirostan>1 2'Ol-1 1 one : Using the procedure 
dgscrtbed in ± Am. Cham. See.. 1972,34, 6190, (3fl,Sa.12fl,25R)-spirostan-3,12-diol-l 1- 
one (see preparation G6) was sOylated with t-butyldimethylchlorosiiane and imidazole 
bi DMF to give the titie compound. 

30 f3fl.Sgj26RV-3'^^>utvldimethvlsilvloxvteDtrostan>11.12^^^ : Using the procedure 
descrfbed in Org. Svn.. 1976, eg. 84, (3B,5a.12B,25R)^-butyldimethylsilyloxy}- 
spirostan-12-ol-11-one was oxidized with chromium trioxide and pyridine in methylene 
chloride to give the title compound. 
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(3B .5g.25R^-spirostan-3w>l-1 1 . 1 2-dion : Using the pr cedur described in J. Am. Cham. 
Soc., 1972, 94, 6190, (3B,5a.25R)-3-(t-butyldimethylsilyioxy)spirostan-1 1,12-dione was 
5 desilyiated with hydrofluoric acid in aeetonitrile to give the title compound. 

Preparation G9 
raa.Sg.l 1B.25m-splrostan.3.1 1-dlel.12-one 

10 f3B.5g.11B.12B.25R\-3-(t.butvldlmethvl8iivloxv^sDlrostan.1 1 ■12-diol : (3B.5a,126.25R)-3- 
(t-butyldimethyl8ilyloxy)splrostan-12-ol-11-one (see procedure G8) was converted into 
the title compound via reduction with lithium aluminum hydride In THF at room 
temperature according to the procedure described in J. Am. Chem. Soc. 1951, ^ 
1777. 

16 

f3B.5g.11B.12B.25R)-3-ft-butvldimethvlsHvloxvM2-acetoxvsDirostan»11«ol : 
(36.5o.11B,12B.25R)-3-(t-butyldlmethylsilyioxy)spirostan-11, 12-diol was selectively 
acetylated with acetic anhydride, pyridine and dimethytaminopyridine In methyten 
chloride to give the title compourtd. 

20 

f 38 .Sg. 1 1 B . 1 2B ■25R\-3.ft-butvldimethvlsllvloxvM 1 -arimethvlsilvloxvM 2- 
acetoxvsDlrostane : (38,5a.1 1B,12S.25R)-3-(t-butyldimethyi8ilyloxy}-12- 
acetoxysplrostan-ll-cl was sOyiated with trimethylsllyttriflate arKi 2,6-lutidlne in 
methylene chloride according to the procedure described in Tetrahedron Letters. 1981 , 
25 2Z, 3455. 

f3B.5g.1 18.12B.2SR)-3-ft-butvldlmethvtsllvloxvV1 1 -ftrimethvislMoxv^sDlrostan-l 2-ol : 
(36^.1 1 B.1 2B,25R)-3-(t-butyidim6thylsiiyioxy)-1 1-(trimethylsiiyloxy)-1 2-aeetoxyspirostane 
was doaeetylated by treatment wHh lithium aluminum hydride In THF foltowed by 
90 caHous addition aqueous ammonium chloride. The resulting title compound suffered 
11 to 12 silyl group mlgrstlon on sillea gel. and thus had to used unpurified. 
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raa.Sg.l 1 B.2SR>-3-ft-butvldimethvlsiMoxvW1 1>ftrim«thvlslM xv^soir 5tan-12-one : 
(3B,SaJ 1B,12B,25R)-3-(t*butyldim6thyl8ilyioxy)-1 1-(t^ 
5 was oxidized with chromium trioxide and pyridine in methylene chloride according to 
the procedure described in Pro. Svn.. 1976, £5, 84 to give the title compound. 

OB.Sg.l 1 S.ZSffl^Dirostan-a.l 1 -dlol^l 2-one : The title compound was synthesized fr m 
(3S,5a,1 1 B,25R)-3-(t-butyldim6thylsnyloxy)-1 1 -(trimethylsilyloxy)spirostan-12-one was 
10 desiiylated with hydrofluoric add in acetonitrile according to the procedure described 
in J. Am. Chem. Soc, 1972. 94, 6190. The title compound must be carefully handled 
because it will rearrange to (3B.5a.12B,25R)-spirostan-3,12-diol-11-one if exposed to 
base. 

Preoaration GIG 

15 f3S,Sif.1 1ir.2§H>SDlrDStan-3.11^lQU1g^ne 

r3B.Sg.11if.12fl.25Rl3.1 1^iracetoxv^SDirostan>12^i : (3B.5a,1 1a.12B,25R)-spirostan. 
3,1 1 ,12-triol (see preparation G6) was acetylated according to the procedure described 
in J. Am. Chem. Soc. . 1955, ZZ> 1632 to give a mixture of acetates from which the title 
20 compound could be isolated. 

f3B.5g.11g.2SR^3,11-dlfacetoxv^SDlrostan-12>one : (3B,5a,1 1a,12B,2SR)3,1 1- 
di(acetoxy)spiro8tan*12<ol was oxidized with chromium trioxide and pyridine in 
methylene chloride according to the procedure described in Org. Svn.. 1976, 55, 84 to 
25 give the title compound. 

(9B,gg,1 1g.2SfflTOiro??an^.1 ISlteMg-Ony (3B,5a,11a,25R)^,1lKll(acetoxy)8pirostan- 
12-one was saponified with sodium methoxide in methanol and THF to give the title 
compound* 

30 Preparation Gil 

f3S.».1 1g,12a.2SR)?pirD^W>^,1 1 ,1g4ri9l 

f3B.5a.25R)spirostan-3-ol-12-tosvlhvdrazone: f38.5g.25R)-8Dirostan-3^M2'On^ 
was dissolved in glacial acetic acid (200 mL) and warmed t SO^C. Para- 
35 tolu nesutfonylhydrazide (6.928 g) was added and the solution was stinted at 50®C lor 
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30min. After an additional 2 hours of stirring at r mtemperaiur , water (200 mL) was 
added. The resulting solid was collected, washed with water (100 mL). dried, triturated 
5 with refluxing acetone (300 mL), finered hot and dried to give 3.903 g of the tWe 
compound. 

f3B.5g.25rosDirost-1 1 -en-3-ol : A mixture of {30,5a,25R)splrostan-3-ol-1 2-tosylhydrazone 
(9.100 g) and sodium methoxide (8.379 g) in DMF (200 mL) was heated to ^SO^C for 

10 35 minutes, then cooled to room temperature. The mixture was then poured into ice 
water (1200 mL) and the resulting suspension filtered. The collected solid was washed 
with water (100 mL), air-dried, and dissolved in methylene chloride (700 mL). This 
solution was washed with water (2 X 200 mL), dried with MgS04, and concentrated t 
give a white solid. Following flash chromatography, 2.384 g of the titie compound (mp 

15 179-181 ^C, lit. 188-192^0 - J. Am. Chem. Soc. 1954, Z§i 4013) was isolated. 

(SB.SaA 1 if.12iy.2SmsDirostan-3,1 1 .12-triol : (3B,5a,25R)spirost-1 1 -en-3ol was oxidized 
to the titie compound with osmium tetroxide and N-methylmorpholine-N-oxide In water, 
t-butanol and acetone according to the procedure describe in Tetrahedron Letters . 
20 1976. 1973. 

Preoaration G12 
f3B.5g.12B,25rosDlrostan-3,12-diol-11-one 
fSB.Sflr.l 1 B.2SR)-1 1-bromosDirostan-3^l-1 2-one: A glass lined reactor was charged witii 
50 gallons of metiianoi then sut>$urface sparged with hydrochloric add gas until 7.7 Kg 
25 (5.0 eq) were charged. Upon completion of this sparge, the reactor was charged with 
18.8 Kg (42^ mole) of (3B,5a,2SR)spirostan-3-ol-1 2-one, 50 gallons of mettianol and 
10 gallons of methylene chloride. This mixture was cooled to 10 and a solution of 
8.4 Kg bromine (52.7 mole, 1.25 eq) in 10 gallons of methylene chloride was added 
over 2 hours while a pot temperature of approximately 1 0^C was maintained. Once the 
30 addition was complete the reaction was allowed to warm to room temperature and was 
stirred for 2 hours. TLC at this point indicated complete reaction. 

The reaction was diluted wtth 50 gallons of water and stirred for 10 minutes. 
After separation of layers, the aqueous layer was extracted twice wtth 30 gallons of 
metiiylene chlorid . The tivee combined rganic extracts were washed twice wtth 30 

35 
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gall ns f water, nc with 30 gallons of saturated brine, then dried using 7.0 Kg of 
magnesium sulfate. The drying agent was removed by filtration on a 30 inch l^p 
5 followed by two 3 gallon methylene chloride washes. The filtrate and washes combined 
were atmospherically distilled to a 7 gallon total volume. Two 10 gallon methanol 
charges were made followed by continued distillaiion. When a final volume of <10 
gallons had been reached the mixture was cooled to room temperature. The resulting 
suspension was granulated for 2 hours, filtered on a 30 Inch Lapp, and the filter cake 
10 was washed twice with 3 gallons of methanol. Vacuum drying the flKer cake at 45-50^ 
C yielded 12.6 Kg (58.6% yield) of the title compound. 

f3B.5g.12B.2Sm8Dirostan-3.1 2*dloM l^ne : A glass lined reactor was charged with 12.4 
Kg of (3Bt5fft11B,2SR)-11-bromospirostan-3-ol-12-one (24.34 mole), 33 gallons of t- 

15 butanoi, 33 gallons of water and 7.5 1^ (189 mole, 7.75 eq) of sodium hydroxide 
pellets. The reaction was heated to reflux over 1.5 hours, maintained at reflux for 4.5 
hours (pot temperature was 83® C), then cooled to room temperature. TLC at this 
point indicated complete reaction. 

The reaction was distilled to remove the t-butanol. This was accomplished both 

20 by vacuum and atmospheric distlBaUon. During the concentration two 32.5 gallon 
charges of water were added. Once the t-butanol had been removed, the aqueous 
suspension was cooled to room temperature and granulated for 2 hours. Th 
suspension was filtered on a 30 inch Leippt washed twice with 3 gallons of water, and 
the flitor cake was air dried at 60 «C. This afforded 11.1 Kg of the title compound. 

25 

Preparation G13 
f3B.Sg.2SRteDirostan«3^M l-^ne 

f3B.5g.12B.2SRV3.12-dlacetoxv8Dirostan-11-one: A glass lined reactor¥ms charged with 
30 26 galtons of pyridine, 26 gallons of acetic anhydride and 11.0 Kg of 
(3B,5a,12B,2SR)spirostan*3,12-d!ol-1 1-one (preparation G12). This mixture was refluxed 
for 2 hours (pot temperature 128® C) and allowed to cool to room temperature. Th 
reaction was vacuum distilled to a total volume of 15 gallons (pot temperature 
approximately 45® C during distlllation). The suspension was diluted with 25 gallons 
35 f acetic add and further vacuum distill d to a 15 gallon total volum (pot temperature 
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at end approximately 80^ C). Th mbctur was diluted with 87 gallons of water and 
cooled to room temperature. After 5 hours of granulation, the titled compound was 
5 Isolated by filtration on a 30 inch Lapp followed by two 3 gallon water washes. Th 
filter caice was dried at 60« C under vacuum to yield 12.2 Kg (93.3%). 

f3B.5q-25rosDiro8tan-3-oH 1-one: A stainless steel reactor was cooled to -80® C by 
passing liquid nitrogen through internal coils. Ammonia was added to the reactor until 

10 54.5 Kg (80 liters. 3.200 mole, 170 eq) had been charged. 

At the same time that the ammonia charge was commendng, a glass lined 
reactor was charged with 10.0 Kg of (3B,6a,12B,25R)-3,12-diacetoxyspirostan-11-one 
18.84 mole) and 40 gallons of THF. This solution was atmospherically distilled until a 
26 gallon total volume had been reached. 

15 At the completion of the ammonia charge, 2.8 Kg of caldum turnings (69.0 gram 

atoms, 3.7 eq) were added over 30 minutes while maintaining a pot temperature of •SO® 
C. At the completion of this addition the THF solution of (38,5a,12B,25R)^,12* 
dlacetoxysplrostan-1 1-one was added over 20 minutes (pot temperature at the end of 
the addition was -35® C) followed by a 1 .0 gallon THF rinse. The reaction mixture was 

20 stirred for 30 minutes at - 3S^C to -40^0. WhAe ttie reaction was at -35<> C to «40« C, 
3.33 liters of bromobenzene (4.98 Kg. 31 .7 mole, 1 .68 eq) were added foUowed by 3.33 
liters of water. 

After this addition, the distiilatton of ammonia from the reactor was initiated. This 
distillation was directed to a water scrubber. Once all of the ammonia had been 

25 removed, the reaction (now at 24® C) was transferred to a glass lined reactor followed 
by a 4 gallon THF rinse. The solution and rinse combined were vacuum distilled to a 
thidc oO. To this was added 35 gallons of methanol and 3.3 (59 mole) of potassium 
hydroxide pe&ets. This mixture was heated at reflux for 1 hour, cooled, then 10 liters 
of acetic acM and 44 gallons of water were charged. This suspension was further 

30 cooled to room temperature and granulated for 1 hour. The titied compound was 
isolated by ffltration on a 30 Inch Lapp followed by a 5 gallon 3:1 water/methanoi wash. 
Vacuum drying at 55® C yielded 7.05 Kg (86.9%). 
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10 



15 



20 



Preparation G: Physical Data 
Sfltisfeetory MS and IR data was obtained on all of the (3B.5a,25R)8plrostan-3- 
ols described in preparation G (see table 1 ). The various dioi and triol products could 
be distinguished by proton NMR (see table 2) 
Table 1: DIaqnostie Mass Soectrometn^ and Infrared Data 







LSMIS 


IR 




molecular 


parent Ion 


diagnostic resonances 


99fnpound 


formula 


Im/z) 


(cm-1 . Intensltv. solvent) 


llo^l 


C„H4.0« 


433 


3575 (mi, 3440 (m) (CHCU 


IIB^I 




433 


3560 (m), 3425 (m) (CHCi,) 


12fl^ol 




433 


3590 (ml, 3420 (m) (CHCI,) 


12Bk>I 




433 




11a,12(^diol 


C»H««0, 


449 


3424 (m) (KBr) 


11ff,12a<flot 


C„H^O. 


449 


3550 (ml, 3450 (m) (CHCl,) 


I1a,l20-diol 


C„H««0, 


449 


3441 (m) (KBr) 


11B.12&diol 


C„H440. 


449 


3600 (ml, 3450 (m) (CHCI,) 


11(r^12*one 




447 


3515 (m), 1705 (s) (KBr) 


11&ol-12-one 




447 


3450 (m), 1712 (s) (KBr) 


12ffK)l-11-one 




447 


3410 (m), 1706 (s) (KBr) 


12&ol-11-one 


C„H«,0, 


447 


3475 (m), 1708 (s) (CHCd) 


11,12-dione 


C„H«,0. 


445 


3600 (w), 3400 (m), 1710 (w) 








1670(8), 1605 (m) (CHQ,)* 


ll-one 


C,7H«,0« 


431 


3600 (w), 3450 (m). 1705 (S) (CHCy 



1 • IR data sugoest that tMs compound raadily tautomerins end ketone form In CHQ,. 



30 



35 



25 Tatila 2: DIaonoatle Proton Nuetear Maonatie Resananea Data* 

naaka >2 nrnn 



3.90 (ddd, 6,6 &4 Hz, 1H), 2.26 (dt, 13&4, 1H) 
4.22 (brs, 1 H) 

3.67 (s. 1 H), 2.37 (dd. 8 & 7 Hz, 1H) 
3.26 (dd. 10&4HS, 1H) 



110>«I 
11M 
12«^ 
12M 

11a,12l^dU>l 
11ff,12frdiol 
11ft,120^ 
11l^12IMiol 

11iMiM2-one 
11B-ol-12-one 
12ff«l-11-one 
12IM-11-one 



3.91(m, 1H), 3.56 (d, 3H, 1H). 2.45 (dd, 9 &7 Hz, 1H) 
3.55(m, 1H), 3.03 (d, 8H, 1H), 2.21 (dt12 &4 Hz, 1H) 
4.12 (br s, 1H), 3.55 (d, 2 Hz, 1H). 2.36 (dd. 9 &7 Hz, 1H) 
4.07 (brs. 1H). 3.13 (d, 3 Hz, 1H) 

3.72 (m, 1H), 2.39 (dt 13 & 4 Hz, 1H) 
3.96 (m, 1H), 2.2 (m, 1H) 

3.51 (8, 1H), 2.57 (dd, 8 & 7 Hz, 1H), 2.2 (complex, 7H) 
3.78 (8, 1H). 2.39 (dt.13 &4 Hz, 1H), 2.1 (m. 2H) 
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2 • Ail samples run in COCI, except 11&-ol-12-one which was run in DMSO^^,. Peaks for 
Hie« H,, HjAM, and Hi^M are also observed at >2 ppm. In CDCi,* these are observed at 
4.37 (ddd, J « 9, 9 & 7 Hz, 3.56 (heptet, J - 4 Hz, 1H), 3.45 (ddd. J - 10, 6 & 
5 2 Hz, 1H), 3.35 (t, J « 11 Hz, 1H). 

Preparation HI 
f5a.25RVsplrostarv3'One 
Pyridinium chlorochromate (PCC) was added to a mbcture of tigogenin (50.00 
g. 120.0 mmol). celHe (160 g), in CH^a, (1000 mL) at 0^ C. The reaction was 
10 allowed to come to ambient temperature and was stirred for 5 hours. The reaction 
was diluted with 1000 4 mL EtjO and was filtered through a slitca gel plug. The plug 
was washed with an additional 6000 mL EtjO. The filtrate was concentrated jn 
vacuo to afford 45.00 g of the title compound (90.4%). 

(250 MHz, COa,) d 4.38 (q. J = 7H2, 1H); 3.40 (m, 2H); 2.20-2.46 (m. 
15 3H); 0.70-2.14 (m. 36H); 1.02 (s, 3H); 0.96 (d, J = 7 Hz. 3H); 0.76 (s, 3H); 0,76 

(d. J s 7Hz, 3H). MS: 415 (M + H)^; MP 209-21 1«C. 

Preparation H2 
f2g.5q.25RV2-bromospirostan-3-one 
20 A mbcture of (5a,25R)-spirostan-3-one (1 .00 g, 2.41 mmol) and tetrahydrofuran 
(10 mL) was cooled to •TS^C under nitrogen atmosphere. Bromine was added (0.39 
g, 2.41 mmol) and the reaction mbcture was gradually warmed to room temperature. 
After three hours, the reaction was quenched by the addition of saturated sodium 
bisuHlte solution. The mbcture was diluted with ethyl acetate, washed with saturated 
2S sodium bisulfite solution (1x), saturated sodium bicarbonate (1x)» brine (Ix), dried 
(sodium sulfate), filtered, and concentrated Iq vacuo . Upon addition of ether, a 
predpitBte fbmied which was filtered and washed with hexaneu to give ^20 g, 
(85%) of the title compound. 

*HNMR (250 MHz, COa,) d 4.76 (q, J = 7Hz, IH); 4.40 (q, J = 7Hz, 1H); 3.40 
30 (m, 2H); 2.64 (q, J = 6. IH); 2.40 (m. 2H); 0.70-2.55 (m, 34H); 1.10 (s, 3H); 

0.96 (d, J a 7Hz. 3H); 0.80 (s, 3H); 0.80 (d, J = 7. 3H). MS 493 (M + H)*. 
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Preparation H3 
(5a.25R^-spirDst*1 «en*3-one 
5 A mixture of lithium bromide (0.700 g, 8.06 mmol), lithium carbonate (1 .20 g, 
16.24 mmol) and anhydrous N,N-dimethyiformamide (30 mL) were heated under 
nitrogen atmosphere to 9S®C. To this mixture, (2a,5o,25R)-2-bromospirostan-3-on 
(4.00 g, 8.11 mmol) was added. The reaction mixture was stirred at 130^0 for 3 
hours. After cooling to room temperature^ the reaction mixture was diluted with ethyl 
10 acetate, washed with water (3x), brine (1x), dried (sodium sulfate), filtered and 
concentrated Iq vacuo to afford 3.31 g, (98%) of the title compound. 

^HNMR (250 MHz. CDQj) d 7.10 (d. J = 10Hz,. 1H); 5.85 (d, J = 10Hz, IH). 
4.40 (q, J = 7Hz, IN); 3.40 (m, 2H); 2,30 (m, 2H); 0.70-2.05 (m, 33H); 1.02 (s, 
3H); 0.96 (d, J « 7Hz, 3H); 0.80 (s, 3H); 0.78 (d, J » 7Hz. 3H). MS 413 (M + 
15 H)*. 

Preparation H4 
(1iy.2<T.5<y.25R)-1 .2-epoxv-5Pirostan-3-one 
A mixture of (5a,25R)^pirost-1-en-3-one (2.87 g, 6.96 mmol), tetrahydrofuran 
(30 ml^, methanol (50 mL) and 15% sodium hydroxide (1 mi^ was stirred under 
20 nitrogen atmosphere. The mixture was cooled to O^C and 30% hydrogen peroxide 
(5 ml) was added. The reaction mixture was gradually warmed to room temperature 
and stirred for 4 hours. The reaction was diluted vAh ethyl acetate, cooled to (fC, 
and then quenched with saturated sodium bisulfite solution. The mixture was 
washed with saturated sodium bisulfite (2x), brine (1x), dried (sodium sulfate), 
25 filtered and concentrated {q vacuo to give 2.64 g, (88%) of the title compound. 

'HNMR (250 MHz, COa^ d 4.40 (q, J » 7Hz. IH); 3.40 (m, 3H); 3.24 (d, J « 
6Hz, IH); 2.25 (dd, J » 18, 4 Hz, IH); 0.70-2.28 (m, 34H); 0.98 (d, J » 7Hz, 
3H): 0.92 (8, 3H): 0.80 (s, 3H); 0.78 (d, J « 7Hz, 3H). MS 429 (M + H)^. 

30 Preparation H5 

f1g,99,gg,g?R)-1 ,»<HfhYdroxY)spirostane 
Lithium aluminum hydride (0.43 g, 15.38 mmol) was added to a solution of 
(1a,2a,5a,25R)-1,2-epoxy-spirostan<3-one in THF (20 mL) at O^C. The reaction was 
gradually warm d t room temperature and after 3 hours, additional lithium 
3S aluminum hydrid (0.10 g, 3.58 mmol) was added. After 1 hour, th reaction was 
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cooled t 0«C and quench d by th sequential addtti n f H^O (0.75 mL), 15% 
NaOH (075 mg, and H3O (1.50 mL). The mixture was dried with MgSO^, fiHered. 
5 and concentrated in The product was purified by flash chromatography 

(50% EtOAc/50% hexane to 95% EtOAQ/5%MeOH) to afford 0.460 g. (34%) of the 
title compound. 

'HNMR (250 MHz, CDCI3) d 4.48 (q, J = 7Hz. IH); 4.04 (m, 1H); 3,80 (m. 1H); 
3.40 (m, 2H); 0.75-2.05 (m, 37H); 0.96 (d, J = 6Hz, 3H): 0,84 (s, 3H); 0.78 (d. J 
10 « 6Hz. 3H); 0.76 (s, 3H). MS 433 (M + H)^. 

Preparation II 

f3B.5g.25R^-3*f(heptaacetv1>8-D-ceflobiosvl^oxvlsDlrostan>1-one 
Pyridinium chlorochromate (0.123, 0.57 mmoi) was added to a mixture of 
15 (1 a,3B,5ar25R)-3-[(heptaacetyi-6-D-ceilobiosyl)oxy]-1 -hydroxyspirostane 

(0.2 g, 0.19 mmol, see preparation B39), celite (0.2 g), in CHjCI, (5 ml^ at O^C. The 
reaction was allowed to come to ambient temperature and was stirred for 2 hours. 
The reaction was diluted with 15 mL EtjO and was filtered through a silica gel plug. 
The plug was washed wtth an additional 500 mL Et^O. The filtrate was concentrated 
20 Iq vacuo to afford 0.1 8 g of the title compound (90%). 

'HNMR (250 MHz, COa,) d 5.15 (m, 3H); 4.90 (m. 2H); 4.50 (m, 2H}; 4.35 (m, 
2H); 4.05 (m, 2H); 3.65 (m. 3H); 3.40 (m, 2H); 2.35 (t. J ^ 12.5 Hz, IH); 2.60 
(q» J « 6 Hz. IH); 1.95-2.20 (m, 21H); 0.70-1.90 (m, 37H); 1.15 (s, 3H); 0.95 (d, 
J » 7 Hz, 3H); 0.80 (d. J » 6 Hz, 3H); 0.76 (s, 3H). MS: 1049 (M + H)^. 

25 

Prgpyfftion ji 

f3B.2SRV'3-etiioxvmethoxv«5-SDirostene 
A mixture of diosgenin (2.5 g. 6.0 mmol), chioromethyi ethyl ether (1 .14 g, 
12.0 mmoQi cSisopropylettiylamine (3.90 g, 30.0 mmoi) and 1 ,2-dichloroeti)ane (75 
30 ml^ was stirred under nitrogen atmosphere at ambient temperature for 4 hours. 
Mettianol (<1 mL) was added to quench the reaction . The mixture was diluted witti 
ettiyi acetate and washed witti water (2x), brine (1x), dried over sodium sulfate, 
filtered and concentrated Jq vacuo to give 2.17 g ( 76.5%) of ttie titie compound as 
acoiortess s lid. 
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NMR (250 MHz, CDCI3) d 5.35 (d. 2H, J=7.0 Hz); 4.75 (s, 2H); 4.4 (m. 
1H);3.6 (q. 2H, J=7.0 Hz); 3.4 (m. 2H); 3.35 (t. 1H, J=11 Hz); 2.4-0.7 (m, 38H); 
5 1.2 (s, 3H); 0.95 (d. 3H. J«7 Hz); 0.8 (d, 3H, J«7 Hz); 0.75 (s. 3H). MS: 777 
(M+Na)*;inp 125-127«C. 

Preparation J2 
(9B.&y,6q.25m-3-^oxv methoxv-6-hvdroxvspirostane 
Borane*tetrahydrofurancomplex (0.68 mU 0.68 mmoi) was added to a solution 

10 of (3B,25R)-3-«thoxymethoxy-6-splrostene (0.10 g, 0.21 mmoO In tetrahydrofuran (8 
mL). The mixture was stirred under nitrogen atmosphere at ambient temperature for 
3.5 hours. The reaction mixture was cooled to 0®C and methanol (1.5 mlj, 15% 
sodium hydroxide solution (1.5 mL) and 30% hydrogen peroxide (1.5 mL) were 
added. The reaction mixture was then gradually warmed to ambient temperature and 

15 stirred overnight The reaetion was quenched at 0»C by the addition of saturated 
sodium bisulfite solution. The mixture was diluted with ethyl acetate and washed with 
ammonium chloride solution (1x), brine (1x)» dried (sodium sulfate), filtered and 
concentrated in vacuo to give 0.11 g of a mixture of the 6a-alcohol and the SB- 
alcohol. The two products were separated by flash chromatography on silica gel 

20 (6:4 haxana/ethyi acetate). The major product ( Rf»0.40) was identified to be the titi 
compound. 

^H NMR (250 MHz; CDQ,) d 4.7 (s, 2H); 4.4 (m, 1H); 3.6 (q, 2H. J=11.0 
Hz);3.45 (m. 3H); 3.35 (t, 1H, J«11.0 Hz); 2.3-0.6 (m, 41H); 1.8 (d. 3H, J=7.0 
Hz);0.82 (s. 3H). 0,78 (d, 3H, J=7.0 Hz); 0.75 ( s, 3H). MS: 491 (M+H)*; mp 
25 171 

Preoaration J3 
r3B,Sg.25RV-3-cthoxvmethoxv-SDirostan-&one 
PyricBnium chlorochromate (1.98 g, 9.20 mmoi) was added to a nUxture of 
30 (3B«5ff,6a,25R)-3-ethoxy methoxy-6-hydroxysplro8tane (0.90 g, 1 .8 mmoi) and celite 
(8.0 g) In anhydrous dichloromethane at O^C. The reaction mixture was gradually 
warmed to amUent temperature over 1 hour and allowed to stir for an additional 5 
hours. The reaction mixture was then filtered through a plug of silica gel using ether 
asth eluent. Th combined ether fractions were concentrated in vacuo t afford 
35 0.80 g (91%) of the title compound as a coloriess solid. 
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NMR (250 MHz; CDCI3) d 4.75 (m. 2H); 4.4 (m. 1H): 3.6 (q. 2H. J=7.0 Hz); 
3.46 (m, 2H); 3.35 (t, 1H, J=11.0 Hz); 2.4-0.6 (m, 40H); 0.9 (d. 3H, J=7.0 Hz); 
5 0.8 (d. 3H, J=7.0 Hz); 0.78 (s, 6H). MS: 489.0 (M+H)^: mp 191-193*C. 

Preparation J4 
f3B.5a.2SR)-SDirostan-6-one 
Concentrated hydrochloric add (2 drops) was added to a solution of 
10 (38,5a,25R)-3^oxynn6thoxy-spirostan-6-one (0.70 g, 1.43 mmol) in methanol (10 
mL) and tetrahydrofuran (10 mL). The mixture was stirred under nitrogen 
atmosphere and heated to 62^C. After 15 minutes, the reaction was cooled to O^C 
and neutralized with 15% sodium hydroxide solution. The mixture was concentrated 
in vacuo then diluted with ethyt acetate. The organic layer was washed with water 
15 (2x), brine (1x), dried (sodium suKate), concentrated in vacuo and purified by flash 
chromatography (1 :1 hexane/ethyl acetate) to afford 0.65 g (89.4%) of the title 
compound as a coloriess solid. 

^H NMR (250 MHz; COa,) d 4.4 (m, 1H); 3.46 (m. 2H); 3.36 (t, 1H,J=11.0 
Hz):2.36^.6 (m, 38H); 0.96 (d. 3H, J=7.0 Hz); 0.76 (d, 3H, J=7.0); 0.71 (s, 6H). 
20 MS: 431 (M+H)^ ; mp 210-212^0. 

Preparation K1 

f3a.5q.6g.25RV-3-fmeptaacetvHH>celloblosv<toxv1 6-hvdroxvsDirostane 
Sodium borohydride (0.11 g. 2.86 mmol) was added to a solution of 

26 (3B,6at25R)-3-[(heptaacetyt*B-Ocellobiosyl)oxyl spirostan-6^ne (1 .6 g, 1 .43 mmol. 
see pr^Mraiion B41) In ethanol ^ mL) and dichloromethane (5 mL) and the 
mbdure was stirred under nitrogen atmosphere at room temperotura for 4 hours. The 
rMClion mixture was then cooled to O^C and was neutralized with IN hydrochloric 
add. The mixture was partially concentrated in vacuo and then was diluted with ethyl 

30 aoetaie, washed wHti IN hydrochloric add (1x). brine (1x), dried (sodium sulfate), 
filtered and concentrated In vacuo to afford 1.00 g (66%) of the ttle compound as a 
coloriess eoDd. 

NMR (260 MHz; CDQ,) d 5.2^.4 (m, 14H); 4.3 (m, 1H); 3.7&3.36 
(m» 3H); 3.3 (t, 1H. J»11.0 Hz); 2.1&0.6 (m. 59H); 0.96 (s, 3H); 0.90 (d, 3H, 
35 j=7.0 Hz); 0.75 (s, 3H); 0.70 (d, 3H. J»7.0 Hz). MS: 1051 (M+H)* 
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It should be understood that the invention is not limited to the particular 
embodiments shown and described herein, but that various changes and 
S modifleations may be made without departing from the spirit and scope of this novd 
concept as defined by the following claims. 
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Claims 

5 1 . A sptrostanyl glycoside of Formula lA 



10 




Formula lA 



15 

wherain either (A): 

H OH OH H 
Q' is carbonyl, "C- ©r -C- ; 



20 H OH OH H 

is carbonyl, methylene, "C- or -C- ; 

H OR^ »^^0-«lkyl«n€<Cg-C3>-0^ H 

25 

or 

R^O-alleylefie<C2-C«>-0 H 

-C- • 



and CP are both methylene; 

30 

and wherein 
R'is 

8-0-glucopyranosyl, 

B-D-glueopyranuronosyl, 

B-D*2-acetamldo-2*deoxy-glucopyrano$yl, 

35 

B-D-galactopyranosyl, 
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B*C>4iJcopyranosyt, 

B-L-(ucopyranosyl, 

B-D-xylopyranosyl» 

&-L-xyiopyranosyl, 

0.D-arabanopyranosyl, 
o-L-arabanopyranosyl, 
ff-D-cellobiosyl, 
B-D-eeUobiosyl, 

6-D4actosyl, 
B-D-maKosyl, 
B-D^entiobiosyl, 

30-6-0-gdactopyrenosyiHr-0-arad>anopyranosyl or 
B-DmattoMosyl; 

or(B): 

Q\ and ar« all methylene; 

^ H OH OH H 

Q* Is -C- or -C- ; 

H ft^O-alkyUntCCg-Cj)-© « 



15 



25 



R^O-al ky 1 en«< C^-C j >-0 H 



30 and whereh 
R'it 

B-D-ghJcopyranosyi, 
B-D-glueopyranuronosyl, 
B-0-2-acetamido-2-deoxy-glucopyrano8yl, 
^ B4>fucopyran syl, 
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B-L-fucopyran syl. 
B-O-xylopyranosyl, 
5 B-L-xylopyranosyl, 

ff-D-arabanopyranosyl, 

a-L-arabanopyranosyt, 

B-D<ellobiosyl, 

B-D-lactosyl, 

B-O-fnattosyl, 

B-D-gentiobiosyl, 

3<>-64>^alactopymnosyt-c^D-arabanopyitm or 
B-D-maKotriosyl; 

or(C): 



15 



20 



or 



Q\ and Q* are all methylena; 
OF is earbonyl; 



R^0-«1 ky l«nt(C2*C3> -0 H 

-C- 



25 Is (R): 

• and wharsin 



30 



35 



R^iS 

B-D-ghJOopyranuronosyl, 

B-0-2-acetainido-2<iaoxy-glueopyrBnosyl, 

B-&4uoopyranpsyl, 

B-L-fuGopyranosyl, 

B-D-xylopyranosyl, 

B-L*xylopyranosyl, 

c^D-arabanopyrano8yl» 
o-Lwaban pyranosyl, 
B-D-ceUobiosyi, 
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B-D-lacto$yl, 
B-I>inaltosyl. 
5 B-D-gentiobtosyl, 

3-0-6-D-galactopyranosyl-a-O-arabanopyranosyl or 
B-OmaKotriosyl; 

or(D): 

Q\ Q^, and are each methylene; 

10 

and Q* Is i -?> i 



or 

15 R^0-alkylene(C9-C3>-0 H 

V 



and wherein 
R*is 

20 B-D4-aoetamido-2-deoxy-glucopyranosyl, 
B-Ofucopyranosyl, 
B-D-xylopyranosyl, 
B-L-xybpyranosyl, 

a-L«rabanopyranosyi, 
2g B-D<eilobio8yi, 

B-D-gmtiobiosyl, 

SO-S-D-gaia^opyranosyl-a^D-arabanopyranosyl, or 
BHTialtoMosyl! 

or(E): 

^ Q\ Q*. and art each methylene: 

HQ if 



Q* it eaifoonyl or 



V. 



35 
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H OR* rIq H 



Q»l$ -C- 




10 



15 



20 



25 



Cg is alpha; 

^29 is (R); and wher«in 
is 

B-D-galactopyranosyl, 
O-O^obiosyl, 
Q-t>4aetosyl. 
B4>-maltosyl or 
B-O^naltotriosyi; 

or(F): 

Q\ Q^, and are eadi methylene; 



C, is alpha; 

Is (R): ond wherein 
R'is 

B-I>galaetopyrano8yl, 
a-[><eil o biosyt. 
BMdoeyf. 
B-O-maltosyl or 
B4>4nallotriotyl; 

with the proviso that (38,5a,26R)^[(B-D<enobiosyi)oxy]spiroslane 
is not included. 





35 
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HO H H OH 

V 

2. A compound according to daim 1 wherein is earbonyl, or , 

5 

H OR^ 

Q', Q* and Q" are each methylene, Q* is / . the Cg hydrogen is alpha and C,, 

-C- 

ls(R). 

3. A compound according to daim 2 wharain is earbonyl and is B*D- 
callobioayl. 

4. A compound according to daim 2 wlierain is earbonyl and is B-D- 
galactopyranosyl. 

5. A compound according to daim 2 wherein is earbonyl and R^ is c^D- 
cellobiosyl. 

6. ' A compound according to daim 2 wherein is earbonyl and R^ is ft-O- 
glueopyranosyi. 

7. A compound according to claim 2 wherein is eart>onyi and R* is 6-D- 
laetosyl. 

8. A oompound according to daim 2 wherein is earbonyl and R1 is B-D- 

20 

maRosyl. 

9. A eompound according to daim 2 wherein is earbonyl and R1 Is B-D- 
maltoMosyl. 

H OH 

25 10. A compound according to daim 2 wherein is and R^ is B-D- 



eeiiobiosyl. 

V 

11. A compound according to daim 2 wherein is andR*isB-D> 

30 

ceHobiosyl. 

12. A compound according to daim 1 wherein Q\ Q* and Q" are each methylene, 

H OH HO H H OR* 

%/ \/ %/ 

Cris-C- of -c- ,Q*ls -c- . the C, hydrogen is alpha and Cjs is (R)-. 

35 
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H OH 
%/ 

13. A compound according to daim 12 wherein Q' is and is 6-0- 

6 

cellobiosyl. 

H OH HO H 

%/ %/ 

14. A compound according to claim 1 wherein is carbonyi, or , 

10 H OH HO H H OR* 

%/ %/ %/ 

is carbonyl, "C- or "C- , is -C- , and are each methylene, C„ 
is (R), and the C, hydrogen is alpha. 

15. A compound according to daim 14 wherein is carfoonyl, is carbonyi and 
,5 R' is B-l>cettobiosyl. 

H OH 

16. A compound according to daim 14 wherein is carbonyi, is and R^ 
is B-D-cellobiosyl. 

H OH 

17: A compound according to daim 14 wherein is carbonyi, is and R^ 



is B-D-lactosyl. 

H OH 

%/ 

18. A compound according to daim 14 wherdn is , is cart>onyl and R^ 



b B-D^eUobiosyi. 

30 Hi} 

V 

19. A compound according to daim 14 wherein is *c* , Cr is carbonyi and 



35 



R' is B-D^lobiosyl. 
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10 



15 



20. A compound according to daim 1 wherein Q\ and Q* are ach methylene. 

H OR* 
V 

is carbonyt, is , the C, hydrogen is alpha and Cm is (R). 



21 . . A compound according to daim 20 wherein R* is B-D4aetosyl. 

22. A compound according to daim 20 wherein R' is B-D-cellobiosyl. 

23. A compound according to daim 1 wherein and Q', Q* arul are each 

H 0R» 

methylene, Q* is ~C- and Is (R). 

24. A compound according to datm 23 wherein the C, hydrogen is beta and R* is 
8-D«dlobiosyl. 

25. A compound according to daim 23 wherein the Cg hydrogen is alpha and R* Is 
B-I>gentiobiosyl. 

26. A compound aecortfng to daim 1 wherein Q\ and 0" are each 

H OR* 

methylene. Q*te , Q* is earbonyl, the Cg hydrogen is alpha and C,, is (R). 

27. A compound according to daim 26 wherein R^ is B-D<elolriosyl. 

28. A compound aeeorcSng to daim 1 wherein Q'tCH and Q* are each 

H OR* 

methylene, Q*ia 'C- , QP is caibonyl, the C, hydrogen Is alpha and C» is (R). 



20 



25 



29. A compound according to daim 28 wherdn R* Is B-D<elloblosyl. 
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30. A method f r controlling hyperchoi steroiemia or atherosder sis in a mammal 
comprising administeririg to a mammal suffering from hypercholesterolemia or 
atherosclerosis a hypercholesterolemia or atherosclerosis controlling amount of a 
Fomiula i spirostanyi glycoside 



10 



15 




Fbmiula I 



20 



either (A): 

H . OH OH H 

Q* is earbonyi, methylene, ~C- or 'C- ; 



H OH OH H 

Or is earbonyi, methylene, or ; 



30 



H OR* "^^g J* R'0-«Uylen«(C2-C3>-0^ H 



or 



R^0-*lkylen«<C2-C3>-0 H 

V 
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and ar both methylene; 
and wherein 

5 

is 

B-D-glucopyranosyl, 

B-D-glucopyranuronosyl, 

B-D*2-«cetamido-2<leoxy-glucopyrano8yl, 

B-D-galactopyranosyl, 

S-D-fucopyranoeyl. 

B-L-Iijcopyranosyl, 

15 B-D-xylopyranosyl, 

B4.-xylopyrano8yl, 

a-D-arabanopyranosyl. 
cp-L-arabanopyranosyi. 
20 o-D-cellobioeyl, 
B4>Mnobio8yl, 

B-D-laetoeyl. 

B-D-mattosyl, 

25 B-I>gentiobio8yl, 

3<)-64>^alaetopyranosyl-tf-D-aFBbanopyim or 

B-D4naK0Motyl; 

or(B): 

30 

Q\ Q^, and are each methyime; 

H OR* RlQ H 

^ V V 

Q»le -c- or -c- ; 

35 
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10 



20 



25 



30 



V. 



is carbonyi or 



Cq is alpha; 
C» ls(R); 
and wherein 
R^is 

B-D-gatactopyranosyi, 
B-Ooellobiosyt, 
15 B-D-lactosyl, 

B-D-mattosyi or 
B-D-maltotriosyi; 

or(C): 

Q\ and are each methylene; 
H OR*' R*0 H 

_ V V 

Q» is -C- or -C- ! 



QP is carbonyi or 



HO H 

V. 



Cgisaipha; 
C»ls(R); 
and wherein: 
R^is 

35 B-D-galactopyran syl, 
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10 



16 



20 



25 



B-D<eliobiosyl. 
B4>4aet08yl, 
B-D^naKosyl or 
fr^Xmaitotriosyl; 
wNh the proviso that 

(3B,5a,25R)-3*[(a-l>cellobiosyi)oxy]spirostan6» 
(3B,6a,25R)-3-[(6*D-glucopyrBno8yl)oxy]spirostar)e, 
(3B,5at25R)-3-((6-D-cenobiosyi)oxy]spirostane or 
(3S,5a^5R)-3-[(B-D-gaiactopyrano8yl)oxy]spirostan-12-one are not included. 

31. The method according to ciaifn 30 wherein Q\ Q^ and Q" are each 



methylene, is (R) and is *C> 

32. The n^hod according to daim 31 wherein the Cg hydrogen is beta and R* is 
IH>ceflot)iosyi. 

33* The method according to daim 31 wherein the hydrogen is alpha and R* is 
B-D-ghjcopyrsnuronosyl. 

34. The msthod aocordng to daim 31 whersin the hydrogen Is alpha arul R* is 
B-Omitoeyl. 

36. The method according to daim 31 whersin the Cg hydrogen Is alpha and R* is 
BMetosyl. 

36. The method according to daim 31 wherein the hydrogen Is alpha and R* is 
B-O^entiobiosyl. 




35 
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37. The method according to claim 31 wherein the C5 hydrogen is alpha and is 
B*D^alactopyranosyl. 

H OH OH H 

38. The method according to daim 30 wherein is carbonyl, or *C- , 



H OR* 

10 / 

Q't and are each methylene, is , (R) and the hydrogen is 



alpha. 

^5 39. The method according to dabn 38 wherein Is cart)onyl and is B-D- 
cellobiosyl. 

40. The method according to daim 38 wherein is cart>onyi and is B-D- 
galaetopyranosyl. 

20 41. The method accordng to daim 38 wherein QMscarbonyl and RMschD- 
cellobiosyl. 

42. The method according to dabn 38 wherein is cart)onyl and R^ Is B-D- 
glucopyranosyL 

25 

43. The method according to daim 38 wherein is carbonyi and R^ is B-D- 
maltosyi. 

44. The method according to daim 38 wherdn Is carbonyf and R^ Is B-D- 
^ maltotrioeyl. 

46. The method according to daim 38 wherein is cart>onyl and R^ Is B-D- 
iaetosyl. 



35 



10 
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H OH 

46. The method according to daim 38 wher in Q' is and R' is 8^ 



cellcMosyl. 

HO H 

V 

47. The method according to daim 38 wherein is and is 6^ 



cellobiosyl. 

48. The method according to daim 30 wherein Q\ and are each methylene, 

IS H OH HO H M OR* 

Or is carbonyl, *c* or , is *c* , C^s is (R) arKi the hydrogen is 



alpha. 

20 49. The method according to daim 48 wherein is carbonyl and is B-l> 
cdiobiosyl. 

50. The method according to daim 48 wherein is carl)onyi and R^ is 8-0- 
laetosyl. 

25 

H OH 

%/ 

51, The method according to daim 48 wherein is stkI R^ is 6-0- 



30 

H OH 

52. The mMwd according to daim 48 wherein is and R^ is B-0- 



galactopyranosyl. 

35 



WO94/00480 - PCr/US93/04092 

•79. 



H OH HO H 
% / \f 

53. The method according to daim 30 wherein is eaibonyi, or , 



H OH HO H H OR* 

% / %/ % / 

it carbonyl, "C- or "C- ,0*1$ -C- , Q* and Q" are each msthyiene, C,, 

10 

is (R). and the C, hydrogen is alpha. 

54. The method according to daim 53 wherein is caibonyt, Q' is cart»onyi and 
R* is B-0«eUobiosyl. 

1R H OH 

^® % A 

55. The method according to daim 53 wherein Q* is eart>onyl. Q' is andR* 
is B'0<eOobiosyl. 

20 H OH 

56. The method according to daim 53 wherein is cartionyt. is and R^ 

is B^Maetosyl. 

25 H OH 

57. The method according to daim 53 wherein Q' is , Q* is cart)onyl and R' 



is B-D-oeUob to eyl. 

68. The method according to daim 53 wherein is & , 0^ is earbonyi and 
R' is B-D<eiiobiosyi. 



30 HO H 

V 

is & -c- , <y 



35 



wo 94/00480 



PCr/US93/04092 



•80- 



59. Th« method according to claim 30 wherein Q\ and are each 

H OR* 

methylene, Q»ls "C- , Q* is carbonyl, the C, hydrogen » alpha and Is (R). 



60. The method according to daim 59 wherein R* is B-Dceliobiosyl. 

61. The method according to daim 30 wherein Q\ Q* and Q* are each 



10 



H OR* 

methylene, Q* is <' . Q* is carfoonyi, the C, hydrogen is alpha and Is (R). 



15 62. The method according to daim 61 whsFeIn R- is 5-L>ceiiobiosyl. 

63. The pharmaeeutieal composition for the control of hypereholesteroiefnia or 
atherosclerosis in mammals which comprises a compound of daim 1 and a 
pharmaceutically acceptable carrier. 

20 64. The composition comprising a hydrate of a compound according to daim 1. 



25 



30 
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60224697 

5010185 
619986 
5707990 
2018722 
3031297 



US-A- 
US-A- 



4602003 
4602005 



22-07-86 

22- 12-88 
24-10-85 
13-12-88 
09-09-92 
09-11-85 

23- 04-91 
06-02-92 
01-08-91 
13-12-90 
12-02-91 



22-07-86 
22-07-66 



•f 




